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1.0 INTRODUCTION

This document is an initial Problem Formulation for the ecological risk assessment (ERA) that
will be performed for Operable Unit 3 (OU3) of the Libby Asbestos Superfund Site located near
Libby, Montana.

Problem formulation is a systematic planning step that identifies the major concerns and issues to
be considered in an ERA, and describes the basic approaches that will be used to characterize
ecological risks that may exist (USEPA 1997). As discussed in USEPA (1997), problem
formulation is generally an iterative process, undergoing refinement as new information and
findings become available (Figure 1-1).

The first step in the ecological problem formulation is the review of available information on the
nature of the site and the ecological setting, the nature of the contaminants that may be present in
environmental media, and the types of ecological organisms that may come into contact with
contaminated media. This information is summarized in Section 2 of this document.

The next step is to utilize the information that is available to develop one or more Conceptual
Site Models (CSMs), which summarize the understanding of contaminant sources, fate and
transport pathways, and exposure pathways that are potentially relevant for each group of
ecological receptors. This information is presented in Section 3 of this document. As noted
above, the CSM may be refined in an iterative process as new information becomes available.

The next step in problem formulation is to identify the risk management objectives at the site,
and to select approaches for assessing whether those objectives are achieved or not. Section 4 of
this document presents the risk management goals for the site, and reviews the general strategies
that are available to assess risks to ecological receptors.

Section 5 presents a description of the specific strategy that will be followed to evaluate risks to
ecological receptors from non-asbestos contaminants that may be present at the site. Section 6
presents a detailed evaluation of the specific strategy that will be followed for evaluating
ecological risks from asbestos.

Draft Problem Formulation for Ecological Risk Assessment at Libby OU3
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2.0 SITE CHARACTERIZATION
2.1 Site Location

Libby is a community in northwestern Montana that is located near a large open-pit vermiculite
mine. The mine location and preliminary study area boundary of Operable Unit (OU) 3 are
shown in Figure 2-1. EPA established this preliminary study area boundary for the purpose of
planning and developing the initial scope of the RI/FS for OU3. This preliminary boundary may
be revised as results from the Rl clarify the extent of environmental contamination associated
with releases that may have occurred from the mine site.

2.2 Physical Setting
Land Use

The terrain in OU3 is mainly mountainous with dense forests and steep slopes. Current land
ownership in the area is shown in Figure 2-2. Kootenai Development Corporation (KDC), a
subsidiary of W.R Grace & Co., owns the mine area and the immediately adjacent portion of the
off-mine area. The majority of the surrounding land is owned by the United States government
and is managed by the Forest Service, with some land parcels owned by the State of Montana
and some owned by Plum Creek Timberlands LP for commercial logging.

Climate

Northern Montana has a climate characterized by relatively hot summers, cold winters, and low
precipitation. Table 2-1 presents climate data collected at the Libby NE Ranger Station, which is
located just west of the town of Libby near the Kootenai River. Average summer high
temperatures (°F) are in the upper 80s, and low temperatures are in the 40s, while winter highs
are in the 30s and lows are in the teens. The western mountain ranges cause Pacific storms to
drop much of their moisture before they reach the area, resulting in relatively low precipitation,
averaging about 18 inches per year. The most abundant rainfall occurs in late spring/early
summer. In the winter months, snowfall averages 54 inches each year and snow cover typically
remains on the ground from November through March. Data collected from a weather station at
the mine site indicate that winds are predominantly to the northeast (Figure 2-3).

Surface Water Features

The mine is located within the Rainy Creek watershed, which includes Rainy Creek, Carney
Creek and Fleetwood Creek (Figure 2-4). The area drained is approximately 17.8 square miles.
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Rainy Creek

Rainy Creek originates between Blue Mountain and the north fork of Jackson Creek at an
elevation of about 5,000 feet, and falls to an elevation of 2,080 feet at the confluence with the
Kootenai River (Zinner 1982). The average gradient for Rainy Creek is about 12% (Parker and
Hudson 1992), and the banks are well vegetated (MWH 2008).

Fleetwood and Carney Creeks

Fleetwood Creek and Carney Creek are tributaries to Rainy Creek (Figure 2-4). The average
stream gradient for Fleetwood Creek is about 11% (Parker and Hudson, 1992). Under current
site conditions, Fleetwood Creek flows through a portion of mine waste before flowing into a
large tailings impoundment which was constructed within the former Rainy Creek channel (see
below). A ponded area was identified along Fleetwood Creek during reconnaissance surveys by
EPA in 2007. This area is devoid of vegetation (Figure 2-9).

Carney Creek flows along and through mine waste on the south side of the mined area before
joining Rainy Creek. During an aerial survey in 2008, a small pond was discovered on Carney
Creek (Figure 2-9). This pond was formed when waste piles were deposited in the drainage and
blocked and altered the flow of the creek. The pond is vegetated on one side. Several small
springs are reported along Carney Creek (Zinner, 1982) and were identified during
reconnaissance surveys by EPA in 2007 (Figure 2-9).

Tailings Impoundment

In 1972, W.R. Grace & Co. constructed a tailings impoundment that received the discharge of
process waters that had previously been directly discharged to Rainy Creek. The impoundment
was built to provide for settlement of the fine tails produce by the new (wet) process and to
recover water for reuse. The height of the dam which forms the impoundment is about 135 feet
measured from the downstream toe. The impoundment occupies 70 acres (Figure 2-5).

The impoundment receives input from both upper Rainy Creek and Fleetwood Creek (Figure 2-
4). The impoundment drains through a toe drain directly into Rainy Creek, and may also
discharge to Rainy Creek via an overflow channel during high flow events (Parker and Hudson,
1992).

Mill Pond
A pond in the Rainy Creek channel downstream of the tailings impoundment was constructed to
provide a water supply for mining operations. The pond discharges to Rainy Creek where it

mixes with flow from Carney Creek and flows downstream to the Kootenai River. This reach
has some seasonal gain in flow, most likely due to groundwater input (USEPA, 2007).
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Kootenai River

The Kootenai River flows from east to west along the south side of the site. Flows in the
Kootenai River are controlled by the Libby Dam, which was constructed in the late-1960s and
early-1970s as part of the Columbia River development for flood control, power generation, and
recreation. Daily water outflow plans' for October 2006 through August 2007 show lowest
discharge flows in March and October at approximately 4,000 cubic feet per second (cfs) and
maximum discharge flows in late May/early June at 26,600 cfs.

State Water Use Designations

Table 2-2 presents designated uses for Rainy Creek and the Kootenai River near and downstream
of the mine area, as classified by the State of Montana Administrative Rules Chapter 30 Water
Quality Subchapter 5 (§17.30.609) for the Kootenai River drainage. The State of Montana has
established numeric standards for the protection of aquatic life and human health associated with
the designated uses. The numeric standards are set forth in the Montana Department of
Environmental Quality Circular DEQ-7 — Montana Numeric Water Quality Standards.

Occurrence and Nature of Asbestos at the Mine

The mine is located in a region of the Precambrian Belt Series of northwestern Montana that has
been intruded by an alkaline-ultramafic body. The Rainy Creek Igneous Complex comprises the
upper portion of this intrusion. Hydrothermal alteration of the biotite pyroxenite intrusion
produced the large, high-quality vermiculite deposit. The vermiculite content of the ore varies
considerably within the deposit, ranging from 30 to 84%.

Fibrous and asbestiform amphiboles are present in association with the vermiculite ore (see
Section 6.1 for more information on asbestos mineralogy). A significant portion of the fibrous
amphiboles are located along cross-cutting veins and dikes and in the altered pyroxenite wall
rock adjacent to them. The alteration zones, dikes, and veins that range in width from a few
millimeters to meters in thickness are found throughout the deposit. Amphibole content in the
alteration zones of the deposit is estimated to range between 50-75%. The U.S. Geological
Survey (USGS) performed electron probe micro-analysis and X-ray diffraction analysis of 30
samples obtained from the exposed asbestos veins to identify the type of amphibole asbestos
present in the mine (Meeker et al. 2003). The results indicated that a variety of amphiboles exist
at this site, including winchite, richterite, tremolite, actinolite, and magnesioriebeckite. The EPA
refers to this mixture of amphibole asbestos minerals as Libby Amphibole Asbestos(LA).

" Available from http://www.nwd-wc.usace.army.mil/ftppub/project_data/yearly/lib_wy qr.txt
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Historic Mine Operations and Current Features

Figure 2-5 shows the current mine features and location of historical mining operations. The
mine was operated from 1923 until 1990 and was open pit except for a short period in the early
period of operations. The mine area is heavily disturbed by past mining activity and some areas
remain largely devoid of vegetation. There are a number of areas where mine wastes have been
disposed (Figure 2-5), including waste rock dumps (mainly on the south side of the mine), coarse
tailings (mainly to the north of the mine), and fine tailings (placed in the tailings impoundment
on the west side of the site).

The basics of ore processing did not change over the period of operation, although unit
operations were changed as ore quality decreased and technology improved, and in response to
concerns over dust generation (Zucker, 2006). In general, rock was removed to allow access to
the vermiculite or separated from the vermiculite in the mine pits and dumped over the edge to
form waste rock piles (see Figure 2-5). After 1971, ore was processed to separate out
vermiculite product by crushing, screening or water floatation, with those operations generally
occurring in the mill area (Figure 2-5).

A storage and loading facility along the river at the mouth of Rainy Creek was built in 1949. it
included a 600-foot conveyor belt for carrying material across the Kootenai River, and a loading
facility along the Great Northern Railroad tracks on the south side of the river.

A new concentrating plant began operations in 1954 in the general milling area (Figure 2-5).
This plant was designed to separate the vermiculite from ore that contained less than 35%
vermiculite. Continued refinements led to implementation of a wet process, in which a froth
flotation process was coupled with shaking tables to separate waste rock from the vermiculite.
The dry mill continued to operate. After passing through a two-inch grizzly, ore went to one of
five storage bins at the mill. Ore was blended and sent to the primary screens at the mill where
water was added. Oversize material was concentrated in jigs and dried in rotary driers. The
material was then crushed using hammer mills and roll crushers before being screened, with finer
material further separated using spiral concentrators. Material was then dewatered and dried
before being screened for product. The process generated two types of waste material; coarse
tailings which were disposed in a pile to the north (Figure 2-5) and fine tailings which appear to
have been discharged to Rainy Creek until a tailings impoundment was constructed in 1971.

W.R. Grace & Co.-Conn. (then known as W.R. Grace & Co.) took over mining in 1963. In
1971, they undertook a major expansion to increase capacity and improve the beneficiation
process. It was at this time that the tailings impoundment was built to provide for settlement of
the fine tailings produced by the new process and to recover water for reuse (Schafer, 1992).
The dam was designed and constructed in stages, with a 50 foot high starter dam constructed in
1971, immediately downstream of an older, existing dam. Additional construction phases in
1975, 1977, and 1980 raised the top of the dam to a total height of 135 feet measured from the
downstream toe.
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Remedium reviewed historic information on mining operations at the site and reported that in a
typical year about 5 million tons of rock was mined to generate 220,000 tons of vermiculite
product. Primary waste materials were waste rock (3.5 million tons per year) and tailings (1.1
million tons per year), with lesser amounts of oversize rock and screening plant concentrate
wastes. As higher quality ores were depleted and lesser quality ores were mined, various
reagents were used to facilitate the separation. Reported reagents include #2 Diesel Fuel
(typically between 1.2 and 5.4 million pounds per year), Armeen T (Tallow Alkyl Amine;
100,000 to 500,000 pounds per year), fluorosilicic acid (50,000 to 240,000 pounds per year) and
lesser quantities of flocculants, defoamers, frothers and other reagents.

2.3  Ecological Setting

2.3.1 Terrestrial Habitats and Plant Species

Most of OU3 is forested, with only 4% of the land being classified as non-forest or water
(USDAFSRI, 2008; Figure 2-6). Data for the National Forest indicate Douglas-fir forest type is
the most common, covering nearly 35 percent of the National Forest land area. Next in
abundance are the lodgepole pine forest type and spruce-fir forest type at 17 percent each, and
the western larch forest type at 11 percent. Other species reported in the area are the Black
Cottonwood (Populus trichocarpa), Quaking Aspen (Populus tremuloides), Western Paper Birch
(Betula papyrifera var. occidentalis) and Pacific Yew (Taxus brevifolia) (USDAFSR1, 2008).

Specific vegetative surveys of the Libby OU3 mine site are not available. Therefore, an initial
vegetative cover map was created using existing information from the analyses of remote sensing
data. In 1998, the Wildlife Spatial Analysis Lab at the University of Montana in Missoula
created the Montana Land Cover Atlas as part of the Montana Gap Analysis Project (Fisher et
al., 1998). Data from this project classifies 50 land cover types. The group developed the
classification based on the hierarchical design of Anderson et al. (1976) in the same manner as
was accomplished in Wyoming (Merrill et al. 1996). Land cover types were targeted and
defined according to known occurrences in the state and from classifications used for GAP
projects in both Idaho (Caicco et al. 1995) and Wyoming (Merrill et al., 1996). The final list of
50 land cover types is shown in Table 2-3. Vegetative cover on and in the vicinity of the Libby
OU3 Site is provided as Figure 2-7. The map is generated from Landsat Thematic Mapper (TM)
data covering Montana. Upland cover types were mapped to 2 hectare (ha) minimum map unit
(MMU). Based on this mapping, the vegetative cover around the mine site is predominantly
Douglas-fir, lodgepole pine and mixed mesic forest.
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2.3.2 Aquatic Species

Rainy Creek Watershed

Within the Rainy Creek watershed there are streams and ponds that provide habitat for aquatic
species including plants, invertebrates, amphibians, and fish. The U.S Forest Service has
compiled data on the species and genetic type of fish in Rainy Creek, but EPA has not yet been
able to access these data.

The Montana National Heritage Program (MNHP) lists 25 species of fish that are expected to
occur in the area. Of these 12 are considered to be possible inhabitants of waters in the Rainy
Creck watershed. These species include brook trout (Salvelinus fontinalis), brown trout (Salmo
trutta), Columbia River redband trout (Oncorhynchus mykiss gairdneri), fathead minnow
(Pimephales promelas), largescale Sucker (Catostomus macrocheilus), longnose dace
(Rhinichthys cataractae), longnose sucker (Catostomus catostomus), mottled sculpin (Cottus
bairdi), mountain whitefish (Prosopium williamsoni), rainbow trout (Oncorhynchus mykiss),
torrent sculpin (Cottus rhotheus), and westslope cutthroat trout (Oncorhynchus clarkii lewisi).
The Montana Fish Wildlife and Parks reports that the westslope cutthroat trout is a year round
resident in both upstream Rainy Creek and upstream Carney Creek.

It is possible that some of the ponds and impoundments in the Rainy Creek watershed might
support some other species of fish that are not expected to occur in high grade mountain streams,
but no data have been located on this issue.

Kootenai River

EPA’s Environmental Monitoring and Assessment Program (EMAP) has collected aquatic
community data at a station on the Kootenai River about one mile downstream of the confluence
with Rainy Creek. This location was sampled in August 2002. Forty-four species of aquatic
invertebrates have been observed, including oligocheates, insects (diptera, ephemeroptera,
trichoptera and hemiptera), colenterates (hydra), mollusks, and nematodes (see Table 2-4).
Eleven species of fish were observed (Table 2-5). Mountain whitefish were most common,
along with several species of salmonids (rainbow trout, sockeye salmon, cutthroat trout, bull
trout) and several species foragé fish (dace, shiner, sculpin)..

2.3.3  Wildlife Species on or Near the Libby OU3 Site

The Montana Natural Heritage Program is a source for information on the status and distribution
of native animals and plants in Montana. An assessment of which wildlife species are expected
to occur at the Libby OU3 site was performed based on the Montana Natural Heritage Program
Animal Tracker (http://nhp.nris.mt.gov/Tracker/). First, all species known to occur within
Lincoln County, Montana, were identified. Next, the Montana Natural Heritage Program and
Montana Fish, Wildlife and Parks Animal Field Guide (http://fieldguide.mt.gov/) was consulted
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to identify if a particular species was observed near the Libby OU3 Site. Species not identified
within the vicinity of OU3, and those not expected to occur at OU3 based on a consideration of
available habitat, were removed. The species that remained are listed in Attachment A, along
with information on general habitat requirements, habitat type for foraging and nesting, feeding
guild, typical food, migration and hibernation, longevity, home range and size. The oldest
recorded sighting and latest (year), and the number of individuals identified was also recorded.

The species identified as residing within Libby OU3 include 29 invertebrates (26 terrestrial and 3
aquatic), 24 fish, 7 amphibians, 7 reptiles, 175 birds, and 48 mammals.

2.3.4 Federal and State Species of Special Concern

There are six federally listed protected species that have been reported to occur in or about the
vicinity of the Libby OU3 Site, including 2 fish, 1 bird, and 3 mammals. These are listed in
Table 2-6. Species of concern to the State of Montana that have been observed to occur in the
vicinity of Libby OU3 Site are listed in Table 2-7. This includes 2 amphibians, 7 birds, 4
mammals, 3 fish, and 7 invertebrates. However, not all of these species are equally likely to
occur within the OU. Based on an evaluation of frequency of observation , the following listed
species are considered to be the most likely to be present in the OU:

e Coeur d'Alene Salamander (Plethodon idahoensis)

o Boreal Toad, Green (also known as Western Toad ) (Bufo boreas)
o Flammulated Owl (Otus flammeolus)

o Northern Goshawk (Accipiter gentilis)

e Bull Trout (Salvelinus confluentus)

e Torrent Sculpin (Cottus rhotheus)

e Westernslope Cutthroat Trout (Oncorhynchus clarkii lewisi)

e White Sturgeon (Acipenser transmontanus) (Kootenai River Pop.)

24  Summary of Data Available from Phase I

In 2007, EPA began performance of a Remedial Investigation (RI) for Libby OU3. The Rl
began by collection of an initial round (referred to as Phase I) of environmental samples of a
variety of media (surface water, sediment, on-site and off-site soils, tree bark) in the fall of 2007.
These samples were analyzed for LA and/or a range of non-asbestos analytes. The raw data
from the Phase I investigation are presented in Attachment B and are summarized below.

2.4.1 Asbestos

Surface Water and Sediments
Surface water and sediment samples were collected during the Phase 1 investigation at a total of

24 locations, as shown in Figure 2-8. Figure 2-9 provides color photos of a number of the
sampling stations.
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Surface water were analyzed for LA by Transmission Electron Microscopy (TEM) using
Modified EPA Method 100.2 (USEPA, 1994) in accord with the modified counting procedures
described in Libby Laboratory Modification LB-000020 (USEPA, 2007). Table 2-8 summarizes
the results of the analysis of surface water for asbestos (LA). Results are expressed in terms of
million fibers per liter (MFL). The results are also mapped in Figure 2-10 to show the spatial
pattern of results. The highest levels were observed in samples located in ponds or
impoundments, including the tailings impoundment, the mill pond, and the pond on Fleetwood
creek, as well as from several seeps along the south side of the mined area. Levels in lower
Rainy Creek (below the mill pond) are relatively lower.

Sediment samples were prepared for LA analysis by sieving into coarse (> % inch) and fine
fractions. The fine fraction was ground to reduce particles to a diameter of 250 um or less and
separated into 4 aliquots. The coarse fraction soil aliquot (if any) was examined using
stereomicroscopy, and any particles of asbestos (confirmed by PLM) were removed and
weighed. The fine ground fraction was analyzed by PLM visual area estimation method (PLM-
VE) using Libby-specific reference materials in accordance with SRC-LIBBY-03 Revision 2.
Results from the PLM-VE method are semi-quantitative, with an estimated detection limit for
LA of about 0.2% or slightly less.

The results of the analyses of the fine and coarse fractions of the sediments are shown in Table 2-
9. The results are also mapped in Figure 2-11 to show the spatial pattern of results. Results for
LA in sediment are expressed as mass percent (grams of asbestos per 100 grams of soil) if the
concentration is 1% or higher. If the estimated concentration is <1%, the results are expressed
semi-quantitatively, according to the following scheme:

PLM-VE Result | Range of Mass Percent
A (ND) None detected (likely < 0.05%)
B1 (Trace) LA detected, > 0% but <0.2%
B2 (<1%) LA detected, >0.2% but < 1%

Nearly all (22 out of 24) of the sediment samples collected contain LA. Of these, one is
classified as Bin B1 (<0.2%), 12 are classified as Bin B2 (about 0.2 to 1%), and 9 were estimated
to contain levels from 2-7%. These results indicate that asbestos in sediment is widespread
throughout the surface water features draining the site, and that levels are substantial in many
locations.

Mine Wastes and Soils
Figure 2-12 shows the locations of the mine waste and/or soil samples. The Phase I samples
focused on each of the principal mine waste materials identified to date including mine waste

rock, impounded tailings, and coarse tailings as well soils in the former mill area and soils in the
former mill area; and materials used for construction of unpaved sections of Rainy Creek Road.
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Soil samples collected for asbestos analysis were prepared and analyzed in the same manner as
previously described for sediments. Table 2-10 summarizes the results of the analysis of the fine
fraction of mine waste and soil samples for LA. All but one soil sample (33 of 34) contained
LA. Of these, two are classified as Bin B1 (<0.2%), 26 are classified as Bin B2 (0.2% to 1%),
and 5 are estimated to contain levels from 2-8%.

Tree Bark, Forest Soil and Duff

During Phase 1, samples of tree bark, forest soil and organic debris (duff) were collected at a
number of stations located on transects that radiate away from the mine, with special emphasis
on the predominant downwind direction (northeast) (Figure 2-13). All bark samples were
collected from the side of the tree facing toward the mine site, from a height of about 4-5 feet
above ground. Forest soil and duff samples were collected from approximately equally spaced
locations around the perimeter of a circle with a radius of about 5 feet, centered on the tree where
the bark sample was collected. The grab samples were combined into one composite and
analyzed for asbestos as previously described for mine waste and soils.

The soil samples were analyzed for LA by PLM-VE. The results are provided in Table 2-11 and
are plotted in Figure 2-14. As seen, LA was detectable in a number of soil samples located
relatively close to the mined area, but was not detectable at a distance more than about 1.5 miles
from the mined area. The transport mechanism leading to the observed soil contamination is not
known, but it is considered likely that both air transport and water-based erosion may have
contributed.

The results of the tree bark and duff samples are not yet available.

Ambient Air

The purpose of the Phase [ ambient air sampling was to obtain data on the level of releases
occurring from the mine area to adjacent downwind areas under current site conditions. The
basic sampling design for ambient air consists of two concentric rings of stationary air monitors
placed around the mine. The first ring is close to the boundary of the disturbed area, and the
second ring is close to the perimeter of the property owned by KDC. Figure 2-15 shows the
locations for the ambient air monitors. Each sample was collected over a period of 5 days, with
samples being collected once per week for a period of four weeks. All air samples were
analyzed for asbestos by TEM in accord with the ISO 10312 method (ISO 1995) counting
protocols, with all applicable Libby site-specific laboratory modifications, including the most
recent versions of modifications as specified in the SAP (USEPA, 2007).

The results of analyses of asbestos in the ambient air samples are provided as Table 2-12.
Asbestos was not detected in any of the field samples. These results should be interpreted
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cautiously because ambient air samples were collected over a time interval when rain was
occurring frequently, which may have reduced the potential for airborne releases to ambient air.

2.4.2 Non-Asbestos Contaminants

Surface Water

Surface water samples were collected during the Phase 1 investigation at a total of 24 locations,
as shown in Figure 2-8. The surface water samples collected during Phase I were analyzed for
metals and metalloids, petroleum hydrocarbons, anions, and other water quality parameters. In
addition, several selected surface water samples were analyzed for a broad suite of other
chemicals. Table 2-13 lists the analytical methods and analyses for the Phase I samples. Table
2-14 shows the analyses that were performed for each sampling location. In addition to
laboratory analyses, surface water samples were analyzed in the field for surface water quality
parameters. Surface water flow was also measured at each sampling location.

The results of the analyses of Phase I surface water samples for non-asbestos analytes are
provided in Table 2-15. The analytes listed in the table are those that were detected in at least
one surface water sample. The results of water quality parameters measured in the field are
provided in Table 2-16. Flow measurements are provided in Table 2-17. Nine metals were
detected as well as benzene, aliphatic hydrocarbons, total petroleum hydrocarbon (TPH), total
extractable hydrocarbons (TEH), nitrate, nitrite, chloride, fluoride, sulfate, and phosphate.
Volatile organic chemicals (VOCs), semi-volatile organic chemicals (SVOCs), polychlorinated
biphenyls (PCBs), pesticides and polycyclic aromatic hydrocarbons (PAHs) were not detected in
any of the surface water samples.

Sediment

Sediment water samples were collected during the Phase 1 investigation at a total of 24 locations,
as shown in Figure 2-8. All sediment samples were analyzed for asbestos, metals and metalloids,
petroleum hydrocarbons, and several sediment quality parameters. In addition, several selected
sediment samples were analyzed for a broad suite of other chemicals. Table 2-18 lists the
analytical methods that were employed, and Table 2-19 shows the analyses that were performed
at each station.

The results of the analyses of the Phase I sediment samples are provided in Table 2-20. The
analytes listed in the table are those that were detected in at least one sediment sample. The full
results of the analyses are included in Attachment B. Fifteen metals were detected as well as
pyrene, methyl acetate, aromatic and aliphatic hydrocarbons, TEH, and TPH. Figure 2-16
displays the results for chromium, and Figure 2-17 displays the results for TPH. Other analytes,
including PCBs, SVOCs and pesticides, and were not detected in any of the sediment samples.

Il
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On-Site Soil and Mine Waste

Figure 2-12 shows the locations of the on-site mine waste and/or soil samples collected during
Phase [. These samples focused on each of the principal mine waste materials identified to date
including mine waste rock, impounded tailings, and coarse tailings as well soils in the former
mill area and soils in the former mill area; and materials used for construction of unpaved
sections of Rainy Creek Road. These samples are divided into six categories:

Road MS-1 to MS-2

Tailings Impoundment MS-4 and M-5

Coarse Tailings MS-6 to MS-9

Cover Material MS-10 to MS-13; MS-21 to MS-24

Waste Rock MS-14 to MS-20; MS-26 to MS-30; MS-32
Outcrop MS-25; MS-31; MS-33-38

All mine waste and soil samples were analyzed for asbestos, metals and metalloids, petroleum
hydrocarbons, as well as pH, moisture content and organic carbon content. This was with the
exception of outcrop samples which were not analyzed for petroleum hydrocarbons. In addition,
several selected mine waste and soil samples were analyzed for a broad suite of other chemicals.
Table 2-21 lists the analytical methods that were used, and Table 2-22 shows the analyses that
were performed at each sampling location.

The results of the analyses of the Phase I mine waste and soil samples are provided in Table 2-
23. The results listed in the table are those for analytes that were detected in at least one mine
waste or soil sample. The full results of the analyses from the Phase 1 sampling program are
included in Attachment B. Fifteen metals, eight PAHs, one pesticide (pentachlorophenol), one
VOC (methylacetate), aromatic and aliphatic hydrocarbons, TEH, toluene and TPH were
detected. PCBs and SVOCs were not detected in any of the mine waste and soil samples.

12
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3.0 CONCEPTUAL SITE MODELS

After review of available information on the site, the ecological setting and the nature of
contaminants that may be present, the next step in problem formulation for an ecological risk
assessment is the development of a Conceptual Site Model (CSM). The CSM is a schematic
summary of what is known about the nature of source materials at a site, the pathways by which
contaminants may migrate through the environment, and the scenarios by which receptors may
be exposed to site-related contaminants. When information is sufficient, the CSM may also
indicate which of the exposure scenarios for each receptor are likely to be the most significant,
and which (if any) are likely to be sufficiently minor that detailed evaluation is not needed.

Figure 3-1 presents the CSM for exposure of each general ecological receptor group (fish,
benthic invertebrates, terrestrial plants, soil invertebrates, birds and mammals and amphibians) to
non-asbestos mining-related contaminants, and Figure 3-2 presents the CSM for exposure to
asbestos. The two CSMs are similar to each other, except that the exposure pathways of chief
concern may differ due to the differing properties of asbestos and non-asbestos contaminants.

As seen, each receptor group may be exposed by several different pathways. However, not all
pathways are equally likely to be important. In each CSM, pathways are divided into four main
categories:

» A solid black circle (®) represents pathways that are believed to be complete, and which
may provide an important contribution to the total risk to a receptor group.

e An open circle (O) represents an exposure pathway that is believed to be complete, but
which is unlikely to be a major contributor to the total risk to a receptor group, at least in
comparison to one or more other pathways that are evaluated.

» A question mark (?) represents an exposure pathway that is believed to be complete, but
data available are not adequate to decide if the pathway is or is not a major contributor to
the total risk to the receptor group.

e An open box represents an exposure pathway that is believed to be incomplete (now and
in the future). Thus, this pathway is not assessed.

The following sections provide a more detailed discussion of the main elements of these CSMs.
3.1 Potential Sources of Contamination

The main sources of asbestos contamination at this site are the mine wastes generated by historic
vermiculite mining and milling activities. This includes piles of waste rock and waste ore at on-

site locations, as well as the coarse tailings pile and the fine tailings impoundment. These wastes
may also be sources of metals and other inorganic constituents of the ore. In addition, some
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chemicals used at the mine site in the processing of vermiculite ore might also be present in
onsite wastes, including diesel fuel, alkyl amines, fluorosilicic acid, and various other
flocculants, defoamers, frothers and other reagents.

3.2  Migration Pathways in the Environment

From the sources, contaminants may be released and transported via airborne emissions, surface
water transport or food chain transport.

Airborne Transport. Contaminants may become suspended in air and transported from
sources via release mechanisms such as wind, mechanical disturbances and/or erosion.
Once airborne, contaminants may move with the air and then settle and become deposited
onto surface soils. This pathway is likely to be important for asbestos, but is thought to
be of low concern for non-asbestos contaminants.

Surface Transport. Contaminants may be carried in surface water runoff (e.g., from rain
or snowmelt) from the mine or other areas where soil is contaminated, and become
deposited in soils or sediments at downstream locations. This pathway is equally
applicable to both asbestos and non-asbestos contaminants.

Food Chain Transport. Contaminants may be taken up from water, sediment or soil into
the tissues of aquatic or terrestrial organisms from water and/or sediment and/or soils
and/or prey items into prey items (fish, benthic invertebrate, plants, soil invertebrates,
birds, mammals). This is applicable to both asbestos and non-asbestos contaminants.

3.3  Potentially Exposed Ecological Receptors

As discussed in Section 2.3, there are a large number of ecological species that are likely to
occur in OU3 and that could be exposed to mine-related contaminants. However, it is generally
not feasible or necessary to evaluate risks to each species individually. Rather, it is usually
appropriate to group receptors with similar behaviors and exposure patterns, and to evaluate the
risks to each group.

For aquatic receptors, organisms are usually evaluated in two groups:

. FlSh
« Benthic macroinvertebrates

For terrestrial receptors, organisms are usually grouped into five broad categories:

« Plants
« Soil invertebrates
. Bi[‘dS
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o Mammals
« Amphibians

Screening assessment usually begins by assessing risks to each group as a unit. In cases where
risks appear to be above a level of concern for a large group (e.g., birds, mammals), it may
sometimes be useful to divide the groups into smaller sub-groups to allow a more refined
assessment. For example, when needed, birds and mammals may be stratified into a number of
feeding guilds. Based on the information regarding the types of birds and mammals that are
present at this site, the following feeding guilds may be useful if a refined assessment is required
for an assessment of wildlife populations at the site.

o Invertivorous Wildlife — Invertivorous wildlife consume primarily soil invertebrates and
are important in nutrient processing and energy transfer within the terrestrial
environment. Insectivorous birds and bats are also important in the control of
populations of emerging aquatic insects. These animals also are important food sources
for other mammals and birds (carnivores). This group of receptors can be further
subdivided according to where and how the organism feeds on invertebrates. Some avian
species are aerial invertivores feeding on insects in flight. Other avian and mammalian
species feed primarily on invertebrates in trees (arboreal insectivores).

e Herbivorous Wildlife — Herbivorous wildlife consume primarily plant material and are
important in nutrient processing and energy transfer within the terrestrial environment.
Small herbivorous mammals are important food resources for other mammals and birds
(carnivores). This group of receptors can be further subdivided into those species that
consume primarily fruit (frugivores) and nectar (nectaravores). In particular avian
species that consume nectar are important in the pollination of plants. Grainivores —
Granivorous wildlife consume primarily seeds. These mammals and birds are important
in the dispersal of plants as well as nutrient processing and energy transfer. They also
serve as food resources for other mammals and birds (carnivores).

e Omnivorous Wildlife — Omnivorous wildlife consume both plant and animals. They are
also important in nutrient processing and energy transfer within the terrestrial
environment and may serve as food resources for carnivores. Most mammalian and avian
species are not strict insectivores or herbivores and instead consume both plant and
animal matter usually depending upon the availability of food resources. For risk
assessment purposes for evaluating contaminant exposures, mammals and birds are
classified into these general groups based on their primary food types. Otherwise most
animals would be classified as omnivores.

o Carnivorous Wildlife — Carnivorous mammals and birds consume primarily other
mammals and birds. Carnivores are important in the control of rodents and other small
mammals with high reproductive capacities.

e Aquatic Invertivores — Aquatic invertivores are mammals and birds that consume
primarily aquatic invertebrates. These organisms are important in the nutrient processing
and energy transfer between the aquatic and terrestrial environments. Some avian and bat
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species consume primarily emerging insects and are important in the control of these
populations.

o Piscivores — Piscivorous mammals and birds consume primarily fish. These organisms
are important in the nutrient processing and energy transfer between the aquatic and
terrestrial environments. '

If a detailed assessment of feeding guilds is needed, the most common approach is to select a
representative species to represent the group. The table below is an example of the feeding
guilds for which a representative species would be selected. Representative species would be
selected based on the chemicals of concern and exposure pathways of concern.

Feeding Guild Species representative of:

Mammalian Invertivore | Small mammalian species that feed primarily on soil invertebrates

Avian Invertivore Small avian species that feed primarily on soil invertebrates

Small mammalian species that feed primarily on seeds and/or vegetation

Mammalian Omnivore .
and some invertebrates.

Small avian species that feed primarily on seeds and/or vegetation and

Avian Omnivore .
some invertebrates.

Avian Grainivore Avian species that feed primarily on seeds and grains.

Mammalian Aquatic

. Mammalian species that feed primarily on aquatic invertebrates.
Invertivore

Avian Aquatic Avian species that feed primarily on aquatic invertebrates.

Invertivore
Mammalian Piscivore Mammalian species that feed primarily on fish.
Avian Piscivore Avian species that feed primarily on aquatic fish.

3.4  Exposure Pathways of Chief Concern

Fish

The primary exposure pathway for fish is direct contact with contaminants in surface water. This
is applicable to both asbestos and non-asbestos contaminants. Fish may also be exposed to
contaminants by ingestion of contaminated prey items, and incidental ingestion of sediment
while feeding. Direct contact with sediment may also occur. This is often assumed to be minor
compared to the pathways above.

Benthic Invertebrates

Benthic invertebrates may be exposed to contaminants in surface water and/or sediment via
ingestion and/or direct contact. Benthic invertebrates may also be exposed to contaminants via
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ingestion of aquatic prey items that have accumulated contaminants in their tissues. This is
applicable to both asbestos and non-asbestos contaminants.

Terrestrial Plants and Soil Invertebrates

Terrestrial plants and soil invertebrates (e.g., worms) are exposed mainly by direct contact with
contaminants in soil. Exposure of plants may also occur due to deposition of contaminated dust
on foliar (leaf) surfaces, but this pathway is generally believed to be small compared to root
exposure. It is not known whether asbestos in soil is toxic to soil invertebrates such as worms.

Mammals and Birds

Mammals and birds may be exposed to asbestos and non-asbestos contaminants via ingestion of
soils, surface water, sediment and food. Mammals and birds may also be exposed to asbestos by
inhalation exposures when feeding or foraging activities result in the disturbance of asbestos-
contaminated soils, sediments or other media. Direct contact (i.e., dermal exposure) of birds and
mammals to soils may occur in some cases, but these exposures are usually considered to be
minor in comparison to exposures from ingestion (USEPA, 2003). Likewise, inhalation
exposure to non-asbestos contaminants in airborne dusts is possible for all birds and mammals,
but this pathway is generally considered to be minor compared to ingestion pathways (USEPA,
2003).

Amphibians

Amphibians inhabit both aquatic and terrestrial environments with early life stages being
primarily aquatic and latter life stages primarily terrestrial. Amphibians in their early aquatic life
stages may be exposed to contaminants in surface water via ingestion and direct contact. They
may also be exposed to contaminants in sediment via ingestion and direct contact and to
contaminants in aquatic prey items via ingestion. In the terrestrial environment, amphibians may
be exposed to contaminants in soils via ingestion, inhalation and/or direct contact and also as the
result of ingestion of terrestrial prey items. Toxicity data for amphibians exposed to
contaminants in soils and food are largely not available making it impossible to evaluate the
relative contribution of these exposure pathways to the total risk for the receptor.
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40 MANAGEMENT GOALS AND ASSESSMENT TECHNIQUES
4.1 Management Goals

Management goals are descriptions of the basic objectives which the risk manager wishes to
achieve. The overall management goal identified for ecological health at the Libby OU3 site for
non-asbestos contamination is:

Ensure adequate protection of ecological receptors within the Libby OU3 Site from the
adverse effects of exposures to mining-related releases of asbestos and other chemical
contaminants to the environment. “Adequate protection" is generally defined as the
reduction of risks to levels that will result in the recovery and maintenance of healthy
local populations and communities of biota (USEPA, 1999).

In order to provide greater specificity regarding the general management goals and to identify
specific measurable ecological values to be protected, the following list of sub-goals was
derived:

. Ensure adequate protection of the aquatic communities in Rainy Creek, Fleetwood Creek,
the Tailings Impoundment, the Mill Pond, the Carney Creek Pond, and Carney Creek
from the adverse effects of asbestos and other site-related contaminants in surface water
and sediment.

. Ensure adequate protection of terrestrial plant and soil invertebrate communities within
the mined area from the adverse effects of asbestos and other site-related contaminants in
soils.

. Ensure adequate protection of the mammalian and avian assessment populations from

adverse effects non asbestos contaminants in the mined area and the site drainages, and
from the adverse effects of asbestos in the mined area, the site-related drainages and the
surrounding forest area.

-

. Ensure adequate protection of the amphibian assessment population from adverse effects
asbestos and non asbestos contaminants in the mined area and the site drainages, and the
surrounding forest area.

4.2  Definition of Population

A “population” can be defined in multiple ways. A common definition of the biological
population by ecologists is: “A group of plants, animals and other organisms, all of the same
species that live together and reproduce. Individual organisms must be sufficiently close
geographically to reproduce. Sub-populations are parts of a population among which gene flow
is restricted, but within which all individuals have some chance of mating any other individual”
(Menzie et al., 2008). “Population” can also be defined differently in the context of a
management goal. To prevent miscommunication in risk assessment and risk management, use
of the term “assessment population” is recommended (USEPA, 2003). In problem formulation it
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is necessary to explicitly state the assessment population(s). The assessment population may be
the same as the biological population as defined by ecologists or may be: 1) a component of the
biological population (e.g., exposed population); or, 2) a component of relevant meta-population
(e.g., a subpopulation).

For the Libby OU3 Site, the assessment populations are defined as the groups of organisms that
reside in locations that have been impacted by mining-related releases. For exposure to non-
asbestos contaminants, this is believed to be restricted to the mined area and the drainages
associated with the mined area. For asbestos, the impacted area may also include surrounding
forest lands that were impacted by airborne releases of asbestos. This information will be based
on results of the RI, including the spatial pattern of asbestos contamination in forest soils and
tree bark.

4.3  Assessment Endpoints

Assessment endpoints are explicit statements of the characteristics of the ecological system that
are to be protected. Because the risk management goals are formulated in terms of the protection
of populations and communities of ecological receptors, the assessment endpoints selected for
use in this problem formulation focus endpoints that are directly related to population stability.
This includes:

e Mortality
e Growth
e Reproduction

Other assessment endpoints may be appropriate, if it is believed that the endpoint can be related
to population stability. For example, carcinogenicity might be of concern if it could influence
the reproductive potential of a species over its lifetime.

44 Measurement Endpoints

Measurement endpoints were initially defined by EPA guidance to represent quantifiable
ecological characteristics that could be measured, interpreted, and related to the valued
ecological components chosen as the assessment endpoints (USEPA 1992, 1997). The term
measurement endpoint was later replaced with the term measures of effect and was supplemented
by two other categories of measures (USEPA, 1998). This problem formulation still uses the
term measurement endpoint to describe both measures of exposure and effect.

There are a number of different techniques available to ecological risk assessors for measuring
the impact of site releases on assessment endpoints and assessing whether or not risk
management goals are achieved. The strategies that are available for use at this site are
discussed below.

19
Draft Problem Formulation for Ecological Risk Assessment at Libby OU3




DRAFT - FOR BTAG REVIEW AND DISCUSSION ONLY

1. The Hazard Quotient (HQ) Approach

A Hazard Quotient (HQ) is the ratio of the estimated exposure of a receptor to a
"benchmark" that is believed to be without significant risk of unacceptable adverse effect:

HQ = Exposure / Benchmark

Exposure may be expressed in a variety of ways, including:

. Concentration of a contaminant in an environmental medium (water,
sediment, diet and soil)

. Concentration of a contaminant in tissue

. Amount of a contaminant that is ingested by a receptor

In all cases, the exposure and benchmark must be expressed in like units. For example,
exposure in surface water (mg/L) must be compared to a benchmark in mg/L. If the value
of an HQ is less than 1E+00, risk of unacceptable adverse effects in the exposed
individual is judged to be acceptable. If the HQ exceeds 1E+00, the risk of adverse effect
in the exposed individual is of potential concern.

However, not all HQ values are equally reliable as predictors of effect. Interpretation of
the ecological consequences of HQ values that exceed 1.0 depends on the species being
evaluated and on the toxicological endpoint underlying the toxicity benchmark. In most
cases, the benchmark values used to compute HQ values are not based on site-specific
toxicity data, and do not account for site-specific factors that may either increase or
decrease the toxicity of the metals compared to what is observed in the laboratory. In
addition, benchmark values are often not available for the species of feeding guild of
concern, so values are extrapolated from other similar types of receptors. Consequently,
most HQ values should be interpreted as estimates rather than precise predictions.

2. Site-Specific Toxicity Tests (SSTT)

Site-specific toxicity tests measure the response of receptors that are exposed to site
media. This may be done either in the field or in the laboratory using media collected
from the site. The chief advantage of this approach is that site-specific conditions which
can influence toxicity are usually accounted for, and that the cumulative effects of all
contaminants in the medium are evaluated simultaneously. One potential limitation of
this approach is that, if toxic effects are observed to occur when test organisms are
exposed to site media, it is usually not possible to specify which contaminant or
combination of contaminants is responsible for the effect without further testing or
evaluation. A second limitation is that it may be difficult to perform tests on site samples
that reflect the full range of environmental conditions which may occur in the field across
time and space.

20
Draft Problem Formulation for Ecological Risk Assessment at Libby OU3




ELE e s oa

Bl o

DRAFT - FOR BTAG REVIEW AND DISCUSSION ONLY

3. Population and Community Demographic Observations (PCDO)

Another approach for evaluating possible adverse effects of environmental contamination
on ecological receptors is to make direct observations on the receptors in the field,
seeking to determine whether any receptor population has unusual numbers of individuals
(either lower or higher than expected), or whether the diversity (number of different
species) of a particular category of receptors (e.g., plants, benthic organisms, birds) is
different than expected. The chief advantage of this approach is that direct observation of
community status does not require making the numerous assumptions and estimates
needed in the HQ approach. However, there are also a number of important limitations to
this approach. The most important of these is that both the abundance and diversity
depend on many site-specific factors (habitat suitability, availability of food, predator
pressure, natural population cycles, meteorological conditions, etc.), and it is often
difficult to know what the expected (non-impacted) abundance and diversity should be in
a particular area. This problem is generally approached by seeking an appropriate
"reference area" (either the site itself before the impact occurred, or some similar site that
has not been impacted), and comparing the observed abundance and diversity in the
reference area to that for the site. However, it is sometimes quite difficult to locate
reference areas that are truly a good match for all of the important habitat variables at the
site, so comparisons based on this approach do not always establish firm cause-and-effect
conclusions regarding the impact of environmental contamination on a receptor
population.

4. In-Situ .Measures of Exposure and Effects (IMEE)

An additional approach for evaluating the possible adverse effects of environmental
contamination on ecological receptors is to make direct observations on receptors in the
field, seeking to identify if individuals have higher exposure (tissue) levels, observed
lesions and/or deformities that are higher than expected. This method has the advantage
of integrating most (if not all) factors that influence the bioavailability of contaminants in
the field. The limitations of this method may be in the interpretation of the consequences
of the measured exposure or effect (if suitable toxicity information are not available) and
if an appropriate reference population for comparison is available.

[t is important to note that the choice of which one or more of these basic approaches is needed
or useful in the assessment process may vary between sites, receptors groups, and contaminant

types. Section 5 presents the sequence of assessment steps that will be used to evaluate risks to
ecological receptors from non-asbestos contaminants, and Section 6 describes the strategy that

will be used to evaluated ecological risks from asbestos.
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5.0 ASSESSMENT OF RISKS FROM NON-ASBESTOS CONTAMINANTS
5.1 Overview of the Assessment Strategy

Figure 5-1 provides a flow diagram that outlines the basic strategy that will be used to assess
risks from non-asbestos contaminants to terrestrial receptors (plants, wildlife) at the mine site
and to aquatic receptors (fish, invertebrates) in the surface water drainages associated with the
mine. Each of the steps is described below.

Toxicity Assessment

The first step in the assessment of each contaminant is to determine if a relevant and appropriate
benchmark or toxicity reference value (TRV) exists for the chemical. If so, the chemical is
carried to the initial HQ Sceening step (below). If there is no benchmark or TRV available, the
next step is to determine if the chemical is present at levels similar to an appropriate background
or reference area. If so, no further assessment is needed. If the chemical is present at a level that
appears to be elevated over background, then the chemical may be evaluated using one or more
non-HQ lines of evidence, or may be identified as a source or uncertainty.

Initial HQ Screen

For non-asbestos analytes that have an appropriate benchmark or TRV, the HQ approach will be
the first line of assessment for all receptor groups. This will begin with a screening-level HQ
assessment for each analyte in each medium. In this step, a maximum HQ value (HQmax) will
be calculated for each medium for each receptor group exposed to the medium, based on the
highest detected level of each chemical in each medium. If the maximum concentration does not
exceed 1.0, it will be concluded that risks from that chemical in that medium to that receptor
group are of minimal concern and that further assessment is not required.

Refined Screen

If the potential for concern for a chemical in a medium can not be excluded based on the initial
HQ screen, then a refined HQ screen will be performed. This will include recalculation of HQ
values based on a refined estimate of the exposure concentration (rather than just a maximum
value), as well as use of refined receptor-specific exposure parameters and toxicity values (when
available). The refined screen results will be evaluated by considering the frequency and
magnitude of HQ exceedences, and by reviewing the spatial pattern of exceedences. If the
magnitude and frequency of HQ exceedences is low, and the data do not suggest there are any
localized areas of concern, then further assessment will generally not be required.
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Comparison to Background

If further assessment is required, the concentration levels seen in site samples will be compared
using appropriate statistical methods to concentrations that are judged to be representative of
background (natural) conditions in the area. This is most important for metals, since metals
occur naturally in soil and water. It may also be useful for some organic compounds that occur
naturally (alkanes, PAHs, etc.). If site levels appear to be similar to natural background levels,
further assessment will not be required. If site levels appear to be elevated above natural
background, the further assessment may be warranted, as described below.

Other Lines of Evidence

If the potential for concern for a chemical in a medium can not be excluded based on the steps
above, then the utility of obtaining data from other lines of investigation will be considered. This
may include site-specific toxicity tests and/or community surveys. These tests, if needed, are
most likely to be useful for evaluation of risks to fish from surface water, risks to benthic
invertebrates from sediment, and risks to plants and soil invertebrates from soil. Further
assessment of risks to wildlife receptors, if needed, may conceptually use the same techniques
(site-specific toxicity testing, community surveys), although implementing these techniques for
wildlife is somewhat more difficult for birds and mammals than for aquatic receptors.

5.2 Initial Screen Results Based on Phase I Data

As noted in Section 2, one round of environmental sampling (referred to as Phase 1) of surface
water, sediment and on-site soils has been completed at the site in the fall of 2007. These data
include measurements of a wide range of non-asbestos analytes, including metals, VOCs,
SVOCs, PAHs, PCBs, pesticides, radionuclides, nitrogen compounds, and anions.

It is important to note that the Phase I data alone are not considered sufficient to support the HQ-
based assessment steps or background comparison step shown in Figure 5-1 because the data
represent only one point in time, and may not fully capture either temporal or spatial variability
at the site. For this reason, final implementation of the assessment process will not be performed
until two additional rounds of environmental data (scheduled for collection in the spring and
summer of 2008) are collected.

Nevertheless, the Phase I data are sufficient to provide an initial impression regarding the
potential for concern from non-asbestos contaminants at the site. The results of the initial
screening step performed on the Phase [ data are presented below.

Surface Water

An initial screening for chemicals of potential concern (COPCs) in surface water was completed
by comparing the highest measured concentration of a chemical in surface water to available
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aquatic toxicity screening benchmarks. The selected screening benchmarks are described in
detail in Attachment C and are listed in Table 2-15. All maximum detected concentrations of
metals are lower than respective benchmarks. Benchmarks are not available for either volatile or
extractable hydrocarbons. These were detected at three sampling locations two of which are on
seeps at Carney Creek (CCS-14 and CCS-11; Figure 2-8) and one is on Fleetwood Creek (FC-2;
Figure 2-8).

Sediment

An initial screening for COPCs in sediments was completed by comparing the highest measured
concentration of a chemical in sediment to respective sediment toxicity screening benchmarks.
The selected screening benchmarks are described in Attachment C and are listed in Table 2-20.
Maximum detected concentrations of aluminum, chromium, iron, lead, manganese, nickel,
selenium and pyrene exceed respective screening benchmarks based on Threshold Effect
Concentrations (TECs), and maximum detected concentrations of chromium, manganese and
nickel also exceed respective benchmarks based on Probable Effect Concentrations (PECs).
Benchmarks are not available for either volatile or extractable hydrocarbons.

Mine Waste and Soils

An initial screening for COPCs in soils was completed by comparing the highest measured
concentration of a chemical in mine waste or soil with respective to available toxicity screening
benchmarks for plants, soil invertebrates and wildlife. The selected screening benchmarks are
described in detail in Attachment C and are listed in Table 2-23.

For terrestrial plants, mean and maximum detected concentrations of cobalt, copper, manganese,
nickel and vanadium are higher than respective toxicity screening benchmarks. For soil
invertebrates, the maximum detected concentration of manganese is higher than the toxicity
screening benchmark. For wildlife, the mean and maximum detected concentrations of
chromium, copper, lead and vanadium are higher than respective toxicity screening benchmarks.
The maximum detected concentrations of nickel and zinc also exceed respective benchmarks.
All other maximum detected concentrations are lower than respective benchmarks. Benchmarks
are not available for either volatile or extractable hydrocarbons or methyl acetate.

Summary

Based on the first round of data collected in the fall of 2007, it is tentatively concluded that risks
to ecological receptors are likely to be low for most non-asbestos contaminants, although a few
contaminants may be of potential concern and require further assessment. Final decisions about
which non-asbestos contaminants may be excluded in the initial screen and which require further
assessment will be made after receipt of two additional rounds of data from the spring and
summer of 2008.
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6.0  ASSESSMENT OF RISKS FROM ASBESTOS

Asbestos is the generic name for the fibrous habit of a broad family of naturally occurring poly-
silicate minerals. As noted previously, the Libby vermiculite deposit contains a mixture of
amphibole asbestos types, referred to as Libby Amphibole Asbestos (LA). Attachment D
provides a review of asbestos mineral logy, fate and transport, analytical measurement
techniques, and toxicity.

6.1 Overview of the Assessment Strategy

Conceptually, the process of assessing ecological risks from asbestos might follow the same
procedure as used for non-asbestos contaminants (see Figure 5-1). As noted previously, this
approach depends upon the availability of relevant and reliable toxicity reference values or
benchmarks for the contaminants of potential concern.

However, in the case of asbestos, no toxicity benchmarks have been derived to date for any
receptor class, and most of the studies that are available to potentially serve as a basis for a
benchmark are based on studies of chrysotile asbestos rather than amphibole asbestos. In
particular, there are no studies on the toxicity of LA on any class of ecological receptors.
Because of this, it is concluded that available data are not sufficient at present to employ an
assessment strategy that is HQ-based. Rather, the strategy for assessing risks from asbestos must
be based on information that can be collected from field studies of the following types:

» Site-specific toxicity testing
o Site-specific population surveys
» Site-specific studies of biomarkers of exposure and effect

The detailed assessment strategies planned for aquatic receptors, terrestrial plants and soil
invertebrates, and terrestrial wildlife (birds, mammals) are in the following sections.

6.2 Strategy for Assessing Risks to Aquatic Receptors
Site-Specific Toxicity Testing

The first line of evidence for evaluation of risks to aquatic receptors will be site-specific toxicity
testing. Figure 6-1 provides a conceptual flow diagram of the approach.

Step 1. Collect surface water from multiple on-site locations at a time when
concentration of LA are expected to be at their highest (during the peak of spring runoff)
and an upstream Rainy Creek location as a local frame of reference.

Step 2. Evaluate the toxicity of each water (undiluted) to an appropriate aquatic species
(e.g., rainbow trout) of an appropriate age class (e.g., larvae).
25
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Step 3a. If toxicity is seen in one or more waters, use the data to estimate a site-specific
exposure-response curve. In addition, select the water with the highest toxicity (highest
concentration) and repeat the toxicity tests on a dilution series of that water. The purpose
is to further support an empiric site-specific exposure-response curve for LA. This study
would also include measurements of tissue burden (fibers/gram tissue) and the
occurrence of histopathological lesions. These data will help establish a firm foundation
for extrapolation of exposure response data from the laboratory to the field.

Step 3b. If no toxicity is observed in any site water, perform a study in which LA is
added to water to yield concentrations even higher than achieved in the site waters. If
toxicity is seen in this spiking study, the data can be used to derive a site-specific
exposure-response curve for LA. As above, this study would also include collection of
data on tissue burden and histopatholgical lesions in the exposed organisms.

The protocol for the site-specific toxicity testing will be based on the methods used by Belanger
(1985). In brief, the study will be conducted using rainbow trout larva. The same approach may
be followed using other aquatic species, as deemed appropriate. Exposure will occur in three 4-
L aquaria, each containing 15 larva. Air bubblers will be used to ensure that asbestos particles in
the water remain suspended. The water will circulated continuously (without filtration), and will
be changed weekly. Endpoints will include qualitative observations on feeding and swimming
behavior, and quantitative data on mortality and growth.

The first line of evidence for the assessment of risks associated with asbestos in sediment will
also be site-specific toxicity testing. Figure 6-2 provides a conceptual flow diagram for how this
will be done. As shown, the approach is similar to that for surface water, except that the site-
specific exposure response curve can be developed based on site samples with a dilution series
because the samples selected for testing can be chose to reflect the range of values seen on-site,
from lowest to highest.

Population and Community Demographic Observations

The second line of evidence for evaluation of risks for aquatic receptors is the collection of data
on the density and diversity of receptors (fish and/or benthic organisms) in site waters and
comparison to appropriate reference locations. This type of data is a valuable independent line
of evidence to be used in conjunction with the toxicity testing data. The collection of population
and community demographic information will be performed as follows:

Benthic Invertebrate Community. Benthic invertebrate community structure and function
will be measured at stream locations on upper and lower Rainy Creek, Carney Creek and
Fleetwood Creek. Benthic invertebrate samples will be collected at the same locations as
sediment and surface water samples. Samples will be collected according to an
established EPA Rapid Bioassessment Protocol (RBP) (USEPA, 2003). For each
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sampling location, a number of alternative metrics of benthic community status will be
calculated and combined to yield a Biological Condition Score. A number of alternative
measures of habitat quality will also be measured to yield a Habitat Quality Score (a
comparison of the Biological Condition Score to the Habitat Quality Score provides
information on the likely contribution of non-habitat factors (e.g., chemical pollution) on
the benthic community). The scores and individual metrics will be examined to identify
if the community is impacted relative to reference and if there are any apparent trends in
condition with asbestos concentrations. This method will require location of appropriate
reference areas for comparison. The reference area(s) should match as closely as possible
the habitat variables present at the aquatic sites being evaluated. As asbestos
contamination may have been transported from the mine site area to upstream locations
in Rainy Creek, upstream locations are not an appropriate reference.

Fish Community. Fish community will be assessed at all ponds and a sub-sample of the
stream sampling locations using standard electrofishing techniques. Fish species and
number (density) will be measured and compared to matched reference locations.

In-Situ Measures of Exposure and Effects

Fish will be collected from the site and reference areas to assess the level of exposure via
measures of asbestos body burden and the level of effect via the frequency and severity of
histological lesions. On-site collection locations will be selected based on the results of the site-
specific toxicity testing, community survey and the measurement of LA in water and sediment,
with an emphasis on sampling from locations with maximum concentration and/or toxicity.

Tissue Burden

Measurements of LA tissue burden in fish will be performed on whole body and/or on selected
organs (e.g. gill). In brief, tissue to be analyzed will be weighed (wet weight) and then dried and
ashed. The ashed residue will be resuspended in acid and water and an aliquot will be deposited
on a filter for analysis by TEM. Results will be expressed as fibers of LA per gram (wet weight)
of tissue.

Gross and Microscopic Lesions

Fish collected from the field and reference locations will be examined for gross pathology,
pathology effects and histological effects. Lesions that have been reported in the literature
following exposure of aquatic organisms to asbestos are summarized in Table 6-1. Incidence
and severity of effects observed in fish from on-site locations will be compared to a reference
area, and also to the concentrations of asbestos in surface water and sediment at the sampling
stations in an effort to establish a dose-response relationship. Consequences of the measured
pathology effects will be evaluated based on literature information that associates the pathology
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effects with adverse effects on growth reproduction and survival. However, the evaluation of
ecological consequences may be limited by the small number of samples available.

6.3  Strategy for Assessing Risks to Terrestrial Plants and Soil Invertebrates

For the purposes of assessing risks to plants and soil invertebrates (e.g., worms), the site will be
divided into two main parts: the on-site mined area and the surrounding forested area. At
present, no assessment will be performed on the mined area. This is because the mined area has
been and continues to be disturbed by heavy machinery, as well as the placement of piles of
waste rock that are unlikely to be suitable for plant growth. If an evaluation of LA toxicity is
needed in on-site soils, this will be undertaken at the level of the Feasibility Study (FS). The
approach for evaluating risks to plants and soil invertebrates in the forest area surrounding the
site is presented below.

Site-Specific Toxicity Testing

The first line of evidence for assessment of risks to terrestrial plants and soil invertebrates in off-
site soils will be site-specific toxicity testing of soils collected from areas near the mined area.
The exact choice of soils will be based on the Phase I forest soil data (see Figure 2-14), and will
include a range of LA levels from ND (not detected) to the highest values observed (6%).
Testing will be completed using standard laboratory test organisms using established protocols
for chronic endpoints (growth, reproduction and survival). If toxicity is observed, the data will
be used to derive site-specific toxicity values for plants and soils invertebrates for LA.

Site-Specific Population and Community Demographic Observations

For soil invertebrates, methods for measurement of community demographic information are not
very well established, and the results are often difficult to interpret, especially for U.S. western
soils. Therefore, it is considered likely that this assessment tier will not be implemented for soil
invertebrates.

In contrast methods are well established for assessment of the density and diversity of terrestrial
plant communities, and application of these methods may be useful for evaluating whether plant
communities near the mine area are observably different that in appropriate reference locations.

6.4  Strategy for Assessing Risks to Terrestrial Birds and Mammals

Asbestos is found in soils across the mine site area, as well as in the surface waters and
sediments of the Rainy Creek drainage. Although data from Phase I are not yet available, it is
considered likely that asbestos also contaminates trees and soils in forested areas for some
distance away from the mine site.
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Exposures for wildlife species are expected for each of these media via ingestion. Wildlife may
also be exposed via inhalation to soils, sediments that have dried and also fibers deposited on
foliar surfaces and trees. The extent of inhalation exposures; however, are based on activities
that disturb the deposited asbestos and result in emissions into the air. Activities by wildlife that
may result in disturbance include foraging on the ground, nesting on the ground, burrowing, and
foraging in trees and foliage.

Biomarkers of Exposure and Effect

The first line of evidence for assessment of risks for wildlife is the measurement of biomarkers
of exposure and effect in organisms collected from the site. This technique has the advantage
that it allows an assessment of exposure and effects by both oral and inhalation exposures, and
may allow development of maps that indicated the relative levels of exposure as a function of
location. The chief disadvantage of this method is that biomarkers of exposure and effect are not
easy to extrapolate to effects on growth, reproduction and survival, and hence on population
stability.

Indicator Species

In order to implement this approach, it is first necessary to identify the classes of wildlife that are
likely to be maximally exposed. The most important selection criteria include the following:

e Non-transitory. Some organisms migrate over long distances, and are present in the
area of the site for only a short time each year. Because of the brief interval they
would be exposed, such organisms would have less exposure than organisms that are
present year round or for most of the breeding season.

e Small home range. Organisms that have a large home range are likely to spend a
small part of their time in and about the most heavily impacted areas of the site.
Consequently, they are likely to be less exposed than organisms that have a small
home range and spend a high fraction of their time in and about the impacted areas.

In addition to these two baseline factors, there are a number of other factors that may also
influence the relative level of exposure, including the following:

» Foraging strategy — Species that forage on the ground and have a greater potential to
disturb asbestos fibers are expected to have more inhalation exposure than those that
forage in shrubs or tree foliage. Species that feed in flight on insects and carnivores that
prey on other mammals and birds are expected to be less exposed. Species that forage on
aquatic organisms and fish would also be less exposed because inhalation exposures
require the disturbance of fibers which is less likely under wet conditions.
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Habitats and Nesting — Where species find shelter, give birth (or nest) and/or rear young
may also influence exposures. Many species burrow into the ground or create shallow
runs under forest litter. Some others will create nests/dens in existing cavities of barren
rock or dead trees. Burrowers are expected to receive higher exposures compared to
those species that live higher in trees.

Body Size — Ingestion rates and breathing rates per unit body weight tend to be higher for
species with small body weights compared to species with higher body weights. Thus,
exposure by both oral and ingestion pathways may be highest for small receptors.

Longevity In humans, it is well established that risk of adverse effects is a function of
cumulative exposure. That is, risk depend both on exposure level and also on exposure
duration. For this reason, organisms that have longer life spans will tend to have higher
cumulative exposures and hence may be more likely to display adverse effects from
asbestos exposure.

Taking these factors into account, the feeding guilds and species identified as residing within the
area of Libby OU3 (listed in Attachment A) were evaluated in order to identify a list of receptors
most likely to have high exposures to LA, as follows:

D

2)

3)

4

5)

6)

7

Species inhabiting terrestrial and riparian habitats were segregated into two groups based
on habitat type (terrestrial and riparian).

As exposures to asbestos for species inhabiting riparian habitats are primarily related to
ingestion of aquatic food items as well as surface water and sediments, the riparian
species were segregated into two exposure groups by feeding guild. These include
aquatic invertivores/omnivores and piscivores.

For species that inhabit terrestrial habitats, those that forage on the ground and or inhabit
nests or burrows were identified from the larger list and classified into a “ground”
foraging group. These species are expected to be the highest exposed to asbestos via
inhalation and ingestion as a result of probing and disturbing asbestos in soils and ground
litter.

Species that forage primarily in trees and shrubs were identified from the larger list and
classified as an “arboreal” foraging group. These species may be exposed to asbestos on
tree bark or leaf surfaces as result of foraging for food.

Carnivorous species were identified and placed in separate group based on feeding guild.
These species are expected to be exposed to asbestos primarily via ingestion and
inhalation exposures are expected to be lower than those species that forage on the
ground for food.

The ground and arboreal groups were further stratified into feeding guilds (invertivore,
grainivore, omnivore, carnivore) to reflect exposures related to ingestion.

The species in each group were then reviewed further and those with small home ranges
and small body sizes were selected preferentially. These species are expected to be
maximally exposed to asbestos impacted area and will not range in and out of the area.
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Potential exposures and risks for the larger animal species will be considered at a later
time based on the results for the smaller more exposed species.

8) For avian species, birds that are transients (occurring at the site only during spring or fall
migrations) were excluded, while birds that are resident year round or are present for
extended periods during the warm weather were retained.

Table 6-2 provides the list of species that meet the selection criteria above. The following table
summarizes the categories of receptor groups that are likely to be maximally exposed in each
exposure area.

Location Exposed Receptor Group Exposure
Ingestion of asbestos in soil invertebrates
Ground Invertivore and inhalation of asbestos in soil during
Mined area and disturbance. ‘
Forest area Ingestion of asbestos in/on plant material
Ground Herbivore/Omnivore | and inhalation of asbestos in soil during
disturbance.

Ingestion and inhalation of asbestos on tree
bark and/or vegetation.

Ingestion of asbestos in aquatic plants and
aquatic invertebrates.

Piscivore Ingestion of asbestos in fish.

Forest area Arboreal Invertivore

. Aquatic Invertivore/Omnivore
Riparian area

Collection Methods

Birds and mammals will be collected from each of the areas (mined, forest and riparian) as well
as matched reference areas. Mammals will be collected by the use of Sherman live traps. Birds
will be collected by the use of mist nets or other appropriate methods. Birds in the riparian areas
(ducks) will be collected by shot.

Measurement of Asbestos Tissue Burdens ,

Asbestos tissue burdens in selected organs (lungs and gastrointestinal tract) of animals collected
at the site will be analyzed for asbestos tissue burden. Tissue burden in lung will be interpreted
as an indication of inhalation exposure, and tissye burden in the Gl tract and kidneys will be
taken as an indication of oral exposure. Comparison of the data from on-site locations and
reference locations will be used to establish an empiric estimate of the spatial extent where LA
exposures can be recognized as being higher than background.

Histopathology

Asbestos exposures in mammals are known to be associated with certain pathology effects. A
large number of studies have been performed in mammals to identify the effects of asbestos on
the respiratory tract, and to a lesser degree on other organs (e.g. gastrointestinal tract). In
animals, histological signs of tissue injury can be detected at the site of deposited tibers within a
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few days (ATSDR 2001). Ingestion exposures have been associated with lesions in the
parathyroid tissue, brain tissue, pituitary tissue, endothelial tissue, kidney tissue, and peritoneum
tissue (Cunningham et al., 1977). Induction of aberrant crypt foci in the colon (Corpet et al.,
1983) and tumors of the gastrointestinal tract have also been reported. Inhalation exposures are
associated with fibrosis, lung tumors and lesions along the respiratory bronchioles, alveolar
ducts, alveoli, and lung tissue (McGavran et al. 1989; Donaldson et al. 1988; Davis et al., 1980a,
1980b, 1985, 1986). Mesotheliomas have been observed (Davis and Jones 1988, Davis et al.
1985, Wagner et al. 1974, 1980, Webster et al. 1993). The histopathological effects of asbestos
exposures in avian species is not known.

Organisms collected from site locations (on-site, forest area, riparian area) will be examined for
gross and microscopic pathological effects. The incidence and severity of effects observed will
be compared to organisms from suitable reference areas, and will also be correlated with the
relative concentrations of LA in the collection area. These data, combined with the tissue burden
data, will help define the spatial extent of LA contamination that can impact wildlife.
Interpretation of the ecological consequences of any gross or histological lesions that are
observed will be based on literature information that associates the pathology effects with

adverse effects on growth, reproduction, and survival, as well as on consultation with experts in
the field.

Population and Community Demographic Observations

A second line of evidence for the assessment of risks for wildlife will be the collection of
population and community demographic observations. Quantitative surveys of mammalian and
avian density and diversity are difficult to perform, and will not be attempted in a formal fashion
at this time. However, semi-quantitative data in the form of number of organisms of each
species collected per trapping day will be available from the field collection effort for both on-
site locations and reference locations. Comparison of these trapping rates will provide an initial
impression as to whether population densities are likely to be similar or dissimilar in site areas
compared to reference areas. If evidence of an apparent difference is obtained, this may be
followed with more quantitative efforts to compare population demographics, depending on the
overall weight of evidence available.

Additional Toxicity Testing with LA

Based on the results of the lines of evidence described above, further studies of LA exposure and
effect in birds and/or mammals may be considered. This testing may be used to identify dose-
response values for growth, reproduction or survival effects in birds or evidence of physiological
stress.
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6.5 Strategy for Assessing Risks to Amphibians
Site-Specific Toxicity Testing

The first line of evidence for the assessment of risks to amphibians from contact with site surface
water will be site-specific toxicity testing. The test will be performed as follows:

Step 1. Collect surface water from multiple on-site locations focusing on ponded areas
and seeps where amphibians are expected to occur.

Step 2. Evaluate the toxicity of each site collected water (undiluted)

Step 3a. If toxicity is seen in one or more waters, use the data to estimate a site-specific
exposure-response curve. In addition, select the water with the highest toxicity (highest
concentration) and repeat the toxicity tests on a dilution series of that water.

Step 3b. If no toxicity is observed in any site water, perform a study in which LA is
added to water to yield concentrations even higher than achieved in the site waters. If
toxicity is seen in this spiking study, the data can be used to derive a site-specific
exposure-response curve for LA.

In brief, the study will be conducted using Xenopus lavis using a modification of ASTM E1439-
98(2004) Standard Guide for Conducting the Frog Embryo Teratogenesis Assay-Xenopus
(FETAX). The normal duration of the study (4 days) will be extended to 14 days to allow a
longer period of exposure and observation of development. Endpoints evaluated in the study
will include mortality, malformations, growth, and development.

The line of evidence for assessment of risks for amphibians to LA in sediment will also be site-
specific toxicity testing. The approach is similar to that for surface water, except that the site-
specific exposure response curve can be developed based on the site samples with a dilution
series because the samples selected for testing can be chosen to reflect the range of values seen
on-site, from lowest to highest.

In-Situ Measures of Exposure and Effects

A second line of evidence for assessment of risks for amphibians to LA in surface water and
sediment will be the collection of amphibians from the site and from reference areas to examine
and assess the frequency and severity of gross and histological abnormalities. This examination
may be based on field observations alone, or may include laboratory-based examination of some
species. The incidence of effects observed in amphibians collected from the site will be
compared to a reference area as well as regional and national statistics in order to judge if there is
an effect. If so, the incidence data fro abnormalities will be correlated with the
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concentrations of LA in surface water and sediment at the sampling stations in an effort to
establish a dose-response relationship.
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Table 2-1
Climate Data for Libby NE Ranger Station (245015)

Parameter Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec | Annual
Average Max. Temperature (F) 31.6 40.1 50.1 61.7 71.1 78.4 87.9 86.8 75 59 40.5 32.1 59.5
Average Min. Temperature (F) 15.7 19.1 24.4 30.2 36.9 43.3 46.2 44.5 384 323 25.5 18.9 313
Average Total Precipitation (in.) 2.03 1.39 1.31 1.01 1.39 1.59 0.87 0.94 1.18 1.56 2.26 23 17.84
Average Total SnowFall (in.) 17.4 7.6 39 0.3 0 0 0 0 0 0.5 6.5 17.8 54
Average Snow Depth (in.) 9 9 4 0 0 0 0 0 0 0 2 5 2

Source: http://www.wrcc.dri.edu/cgi-bin/cliMAIN.pl?mtlibb

-
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Table 2-2
Stream Use Classifications

Stream/Segment Classification/Uses .
Rainy Creek drainage upstream of the W.R. Grace |A-1. Suitable for drinking, culinary and food processing purposes after
Company water supply intake conventional treatment for removal of naturally present impurities; bathing,

swimming and recreation; growth and propagation of salmonid fishes and
associated aquatic life, waterfow] and fur bearers; and agricultural and
industrial water supply.

Rainy Creek (mainstem) from the W.R. Grace C-1. Suitable for bathing, swimming, and recreation; growth and
Company water supply intake to the Kootenai propagation of salmonid fishes and associated aquatic life, waterfowl and
River furbearers; and agricultural and industrial water supply.

Kootenai River B-1. Suitable for drinking, culinary and food processing purposes;

propagation of salmonid fishes and associated aquatic life, waterfowl and fur
bearers; and agricultural and industrial and industrial water supply.
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Table 2-3. The classification system used to map Montana’s existing vegetation and land cover.

I. Urban and Agricultural Lands

1100
2010
2020

Urban or Developed Lands
Agricultural Lands - Dry
Agricultural Lands - Irrigated

II. Grasslands

3110
3130
3150
3170
3180

herbaceous cover > 15%, shrub cover

< 15%, and forest cover < 10% '
Altered Herbaceous

Very Low Cover Grasslands

Low / Moderate Cover Grasslands
Moderate / High Cover Grasslands
Montane Parklands & Subalpine Meadows

II1. Shrublands

3200
3300
3309
3310
3350
3510
3520

shrub cover (SC) > 15% and forest cover

< 10%, except 3500 classes where SC = HC
Mixed Mesic Shrubs

Mixed Xeric Shrubs

Silver Sage

Salt-Desert Shrub / Dry Salt Flats
Sagebrush

Mesic Shrub - Grassland Associations
Xeric Shrub - Grassland Associations

IV. Forest Lands

4000
4140
4203
4205
4206
4207
4210
4211
4212
4214
4215
4216
4223
4260
4270
4280
4290
4300
4400

forest cover > 10%

Low Density Xeric Forest
Mixed Broadleaf Forest
Lodgepole Pine

Limber Pine

Ponderosa Pine

Grand Fir

Western Red Cedar

Western Hemlock
Douglas-fir

Rocky Mountain Juniper
Western Larch

Utah Juniper

Douglas-fir / Lodgepole Pine
Mixed Whitebark Pine Forest
Mixed Subalpine Forest
Mixed Mesic Forest

Mixed Xeric Forest

Mixed Broadleaf & Conifer Forest
Standing Burnt Forest

V. Water
5000 Water

VI. Riparian Types
sites clearly associated with riparian
areas or woody draws

6110 Conifer Riparian

6120 Broadleaf Riparian

6130 Mixed Broadleaf & Conifer Riparian

6200 Graminoid & Forb Riparian

6300 Shrub Riparian

6400 Mixed Riparian

VII. Barren Lands
sites with forest cover < 10%, shrub cover
< 10%, and herbaceous cover < 10%

7300 Rock

7500 Mines, Quarries, Gravel Pits

7600 Badlands

7604 Missouri Breaks

7800 Mixed Barren Sites

VIIIL. Alpine
vegetated sites above treeline

8100 Alpine Meadows

IX. Perennial Snow and Ice
9100 Snowfields or Ice

X. Other
9800 Clouds
9900 Cloud Shadows




Aquatic Invertebrate Species Collected from EMAP Sampling Location in Kootenai River (August 2002)

Table 2-4

PHYLUM S ICLASS ORDER :# - |FAMILY ;. - GENUS = & |SPECIES ABUND.
ANNELIDA HIRUDINEA RHYNCHOBDELLIDA |PISCICOLIDAE NA NA 1
OLIGOCHAETA INA NA NA NA 59
ARTHROPODA ARACHNIDA TROMBIDIFORMES HYGROBATIDAE HYGROBATES NA 1
TORRENTICOLIDAE |[TORRENTICOLA NA 3
INSECTA DIPTERA CHIRONOMIDAE NA NA 8
CRICOTOPUS BICINCTUS 20
CRICOTOPUS NA 17
CRYPTOCHIRONOMUS [NA 1
DICROTENDIPES NA 3
EUKIEFFERIELLA NA 8
MICROPSECTRA NA 16
NA NA 85
PAGASTIA NA 10
PARACHIRONOMUS NA 7
PARAKIEFFERIELLA NA 4
NA NA 1
PHAENOPSECTRA NA 57
POTTHASTIA GAEDH 2
POTTHASTIA LONGIMANA 7
PROCLADIUS NA 1
PSECTROCLADIUS NA 1
SYNORTHOCLADIUS NA 7
TANYTARSUS NA 73
THIENEMANNIMYIA NA 7
TVETENIA DISCOLORIPES 17
TIPULIDAE TIPULA NA 1
EPHEMEROPTERA BAETIDAE BAETIS NA 10
BAETIS TRICAUDATUS 17
EPHEMERELLIDAE [DRUNELLA GRANDIS 1
EPHEMERELLA NA 13
SERRATELLA TIBIALIS 2
SIPHLONURIDAE NA NA 1
HEMIPTERA CORIXIDAE NA NA 18
TRICHOPTERA HYDROPTILIDAE HYDROPTILA NA 3
LEPTOCERIDAE MYSTACIDES ALAFIMBRIATA 1
OECETIS NA 1
LIMNEPHILIDAE NA NA 1
PSYCHOGLYPHA NA 1
OSTRACODA  INA NA NA NA 1
COELENTERATA |HYDROZOA HYDROIDA HYDRIDAE HYDRA NA 12
MOLLUSCA GASTROPODA |BASOMMATOPHORA |LYMNAEIDAE NA NA 1
LYMNAEIDAE STAGNICOLA NA 2
PHYSIDAE PHYSA NA 7
NEMATODA NA NA NA NA NA 2
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Table 2-5

Fish Species Collected from EMAP Sampling Location
in Kootenai River (August 2002)

Common Name Genus Species Abundance
Longnose Dace Catostomus catostomus 24
Largescale Sucker Catostomus macrocheilug 21
Slimy Sculpin Colttus cognatus 1
Torrent Sculpin Cottus rhotheus 2
Cutthroat trout Oncorhynchus |clarki 4
Rainbow trout Oncorhynchus |mykiss 39
Sockeye Salmon Oncorhynchus |nerka 17
Mountain Whitefish Prosopium williamsoni 587
Longnose Dace Rhinichthys cataractae |
Redside Shiner Richardsonius |balteatus 9
Bull Trout Salvelinus confluentus 1
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FEDERAL LISTED SPECIES THAT HAVE BEEN OBSERVED IN OU3

TABLE 2-6

Group Common Name (Genus species) Rank
Fish White Sturgeon (Acipenser transmontanus) (Kootenai River Pop.) LE
Bull Trout (Salvelinus confluentus) LT,CH
Birds Bald Eagle (Haliaeetus leucocephalus) LT
Mammals | Grizzly Bear (Ursus arctos horribilis) LT
Gray Wolf (Canis lupus) LE
Canada Lynx (Lynx canadensis) LT

LE = Listed endangered - Any species in danger of extinction throughout all or a significant portion of its range (16
U.S.C. 1532(6)).
LT = Listed threatened - Any species likely to become an endangered species within the foreseeable future throughout
all or a significant portion of its range (16 U.S.C. 1532(20)).
CH = Critical Habitat - The specific areas (i) within the geographic area occupied by a species, at the time it is listed,
on which are found those physical or biological features (1) essential to conserve the species and (IT) that may require
special management considerations or protection; and (ii) specific areas outside the geographic area occupied by the

species at the time it is listed upon determination that such areas are essential to conserve the species.

C = Candidate - Those taxa for which sufficient information on biological status and threats exist to propose to list
them as threatened or endangered.
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TABLE 2-7.

STATE SPECIES OF CONCERN THAT HAVE BEEN OBSERVED IN OU3

Group Common Name (Genus species) Rank
Amphibians | Coeur d'Alene Salamander (Plethodon idahoensis) S2
Boreal Toad, Green (also known as Western Toad ) (Bufo boreas) S2
Birds Bald Eagle (Haliaeetus leucocephalus) S3
Black-backed Woodpecker (Picoides arcticus) S2
Flammulated Owl (Otus flammeolus) S3B
Harlequin Duck (Histrionicus histrionicus) S2B
Lewis's Woodpecker (Melanerpes lewis) S2B
Northern Goshawk (dccipiter gentilis) S3
Olive-sided Flycatcher (Contopus cooperi) S3B
Mammals Fisher (Martes pennanti) S3
Gray Wolf (Canis lupus) S3
Grizzly Bear (Ursus arctos horribilis) S283
Lynx (Lynx canadensis) S3
Fish Bull Trout (Salvelinus confluentus) S2
Torrent Sculpin (Cottus rhotheus) S3
Westernslope Cutthroat Trout (Oncorhynchus clarkii lewisi) S2
Invertebrates | Stonefly (Uracapnia columbiana) S2
Slug, Magnum Mantleslug (Magnipelta mycophaga) S183
Slug, Pygmy Slug (Kootenaia burker) S182
Land Snail, Robust Lancetooth (Haplotrema vancouverense) S1S82
Slug, Sheathed Slug (Zacoleus idahoensis) S283
Land Snail, Smoky Taildropper (Prophysaon humile) S183
Land Snail, Striate Disc (Discus shimekii) S1

S1 = At high risk because of extremely limited and potentially declining numbers, extent and/or habitat, making it
highly vulnerable to global extinction or extirpation in the state.
S2 = At risk because of very limited and potentially declining numbers, extent and/or habitat, making it vulnerable to
global extinction or extirpation in the state.
S3 = Potentially at risk because of limited and potentially declining numbers, extent and/or habitat, even though it may
be abundant in some areas.




Table 2-8. Phase I Asbestos Results for Surface Water

. Volume Sensitivity Total LA LA > 10 pm in length
Reach Station Index ID .
Examined (mL) 1/L Count Conc (MFL) Count Conc (MFL)
Upper Rainy URC-1 | P1-00391 0.0090 1.11E+05 0 <0.1 0 <0.11
Creek URC-2 | P1-00390 0.0050 1.11E+05 52 5.8 1 0.1
TP P1-00269 0.0005 1.99E+06 57 114 19 38
Tailings TP-TOE1 | P1-00254 0.0200 5.00E+04 0 <0.1 0 <0.1
Impoundment
TP-TOE2 | P1-00312 0.0050 1.99E+05 10 2.0 6 12
Mill Pond MP P1-00313 0.0020 4.98E+05 54 27 20 10
LRC-1 | P1-00304 0.0201 4.98E+04 4 02 0 <0.05
LRC2 | P1-00251 0.0201 4.98E+04 2 0.1 1 0.05
Lower Rainy LRC-3 | P1-00303 0.0201 4.98E+04 4 02 0 <0.05
Creek LRC-4 | P1-00302 0.0201 4.98E+04 21 1.0 3 0.1
LRC5 | P1-00301 0.0201 4.98E+04 25 1.2 2 0.1
LRC-6 | P1-00300 0.0200 5.00E+04 0 <0.1 0 <0.1
FC-1 P1-00267 0.0131 7.66E+04 51 3.9 12 0.9
Fleetwood FC-Pond | P1-00266 0.0004 2.49E+06 50 125 3 7.5
Creek
FC-2 | P1-00268 0.0201 4.98E+04 4 0.2 1 0.05
cc-1 | P1-00381 0.0211 4.74E+04 20 0.9 7 0.3
Camey Creek
cc-2 | P1-00380 0.0201 4.98E+04 1 0.05 1 0.05
CCs-9 | P1-00315 0.0200 5.00E+04 0 <0.1 0 <0.1
cCcs-8 | P1-00317 0.0200 5.00E+04 0 <0.1 0 <0.1
CCs-6 | P1-00385 0.0005 1.99E+06 50 100 2 40
Seeps ccs-1 | P1-00382 0.0070 1.42E+05 53 7.5 3 0.4
CCS-11 | P1-00383 0.0030 3.32E+05 50 17 10 33
CCs-14 | P1-00265 0.0050 1.99E+05 55 11 0 <02
CCS-16 | P1-00316 0.0125 8.00E+04 0 <0.1 0 <0.1
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DRAFT RESULTS PENDING VALIDATION

Table 2-9. Asbestos Results for Sediment

MASS (grams) RESULTS
et e P | e |MPfinef
Upper Rainy URC-1 P1-00409 137.7 0 ND -
Creek URC-2 P1-00408 123.1 47.9 <1% Tr

TP P1-00407 100.2 6.6 <1% Tr
IT;EZ’ugns et TP-TOEI P1-00326 142.2 30.6 2% 0.38%
TP-TOE2 P1-00325 183.2 29 3% 0.03%
Mill Pond MP P1-00348 166.7 0 <1% -
LRC-1 P1-00338 2109 447 <1% 0.13%
LRC-2 P1-00336 256.9 36.2 <1% Tr
Lower Rainy LRC-3 P1-00335 98.86 0 2% -
Creek LRC-4 P1-00329 137.8 0 <1% -
LRC-5 P1-00328 129.8 35 <1% Tr
LRC-6 P1-00327 183.5 0 <1% -
FC-2 P1-00406 203.7 143 Tr ND
Fleetwood Creek FC-Pond P1-00405 89.2 0 <1% -
FC-1 P1-00404 200.9 312 ND ND
cc-2 P1-00399 153.9 37.4 <1% 0.20%
Carney Creek
cC-1 P1-00395 126.1 28.6 4% 0.52%
CCS-9 P1-00400 111.9 8.7 7% Tr
CCS-8 P1-00398 75.6 336 6% 0.41%
CCS-6 P1-00397 163.9 218 2% Tr
Seeps CCS-1 P1-00396 170.2 533 2% Tr
CCs-11 P1-00402 183.3 26.4 <1% 0.20%
CCS-14 P1-00403 129.6 4.1 <1% Tr
CCS-16 P1-00289 119 0 4% -

Refer to Tech Memo 8 for descriptions of Approach 1 and 2.

ND = not detected
Tr = trace

MF = mass fraction

-- = coarse fraction was not analyzed.

PLM-Combined Results.xls Sediment
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DRAFT RESULTS PENDING VALIDATION

Table 2-10. Asbestos Results for Mine Waste

MASS (grams) RESULTS
Sampling Matrix| StationID IndexID Fine Coarse MFpao | MFLay
Fraction Fraction | _ fine coarse
MS-1 P1-00370 1243 54 <1% Tr
Road MS-2 P1-00371 161.2 19.5 <1% Tr
MS-3 P1-00372 164.8 83.3 Tr Tr
Tailings MS-4 P1-00332 1241 44 <1% Tr
Impoundment MS-5 P1-00357 133.7 1.41 <1% Tr
MS-6 P1-00355 174.5 27.8 <1% 0.27%
- MS-7 P1-00294 155.9 325 2% 1.00%
Coarse Tailings
MS-8 P1-00330 130.8 11.8 <1% Tr
MS-9 P1-00356 143.1 31 <1% 0.58%
MS-10 P1-00366 184.4 42.8 <1% 0.09%
MS-11 P1-00367 130.9 12 <1% 0.07%
MS-12 P1-00369 183.2 23.1 <1% 2.61%
Cover Material MS-13 P1-00365 154.7 7.3 Tr Tr
MS-21 P1-00378 183.6 S <1% Tr
MS-22 P1-00379 142.8 19.5 <1% 0.43%
MS-23 P1-00340 103.6 16.3 ND Tr
MS-24 P1-00353 149.6 244 2% 1.36%
MS-14 P1-00345 1534 6.9 <1% 3.70%
MS-15 P1-00206 142.7 45 5% Tr
MS-16 P1-00205 192.5 27.5 2% 0.52%
MS-17 P1-00343 150 26.6 <1% 1.10%
MS-18 P1-00352 163 15.5 <1% 1.86%
MS-19 P1-00341 109.8 4 <1% 0.82%
Waste Rock MS-20 P1-00350 101.9 15.6 <1% Tr
MS-26 P1-00292 139.6 30.7 3% 0.21%
MS-27 P1-00299 172.9 40.8 <1% 1.88%
MS-28 P1-00290 156.8 22.8 <1% 331%
MS-29 P1-00298 119.2 72.9 2% 1.26%
MS-30 P1-00342 174.9 27.1 <1% 0.28%
MS-32 P1-00351 159.2 16.3 <1% 1.68%
MS-25 P1-00362 1353 9.1 8% 1.73%
MS-31 P1-00389 187.4 32 <1% 0.75%
MS-33 P1-00364 95.3 38.4 <1% 0.16%
Outerop MS-34 P1-00344 179.8 52.1 <1% 0.54%
MS-35 P1-00363 166.1 30.6 Tr 0.006%
MS-36 P1-00375 226.6 14.9 <1% 0.3%
MS-37 P1-00376 121.6 17.7 <1% 0.2%
MS-38 P1-00377 1232 65.5 <1% 0.4%

Refer to Tech Memo 8 for descriptions of Approach 1 and 2.

ND = not detected
Tr = trace

MF = mass fraction

-- = coarse fraction was not analyzed.

PLM-Combined Results.xls Mine Waste
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PLM-Combined Results.xls Forest Soil

DRAFT RESULTS PENDING VALIDATION

Table 2-11. Asbestos Results for Forest Soil

MASS (grams) RESULTS
Transect ID StationfD IndexID Fine Coarse MFpiy | MFias
Fraction | Fraction fine coarse
SL45-01 P1-00202 107.9 4.8 <1% Tr
SL45-02 P1-00222 109.3 7.8 ND Tr
SL45-03 P1-00226 1228 298 Tr Tr
SL45-04 P1-00143 119.6 12.8 ND ND
SL45-05 P1-00073 137.5 17.4 ND ND
SL45-06 P1-00085 127.3 17.5 ND ND
SL45 SL45-07 P1-00040 120.3 21.5 ND ND
Approximate SL45-08 P1-00083
downwind from SL45-09 P1-00081 113.9 483 ND ND
mine area. SL45-10 P1-00038 82.4 1.6 ND ND
SL45-11 P1-00036 58 0 ND -
SL45-12 P1-00059 118.6 11.3 ND ND
SL45-13 P1-00032 114.8 5.4 ND ND
SL45-14 P1-00034 1584 6.8 ND ND
SL45-15 P1-00054 113.7 27.9 ND ND
SL45-16 P1-00052 86.6 33 ND ND
SL15-02 P1-00220 120.1 17.5 Tr ND
SL15-03 P1-00224 1159 21.3 Tr
SL15-04 P1-00141 130.1 22.1 ND ND
SL15-05 P1-00100 79.5 0 ND --
SLIs SL15-06 P1-00122 97.2 4 ND ND
40° counterclock- SL15-07 P1-00098 1324 16.9 ND ND
wise from SL15-08 P1-00096 153.8 5.1 ND ND
approximate SL15-09 P1-00124
primary d L SL15-10 P1-00068
divection. SLIS-11 P1-00064 175.2 3. ND ND
SL15-12 P1-00046 66.6 51 ND ND
SL15-13 P1-00056 119 ND --
SL15-14 P1-00044 71.6 4.9 ND ND
SL15-15 P1-00062 917.8 16.5 ND ND
SL15-16 P1-00042 83.7 28.3 ND ND
SL75-02 P1-00228 77.9 0 Tr -~
SL75-03 P1-00230 130 16.7 ND ND
SL75-04 P1-00164 136.6 44.7 Tr ND
SL75 SL75-05 P1-00108 132.7 19.3 ND ND
30° clockwise from| SL75-06 P1-00110 160 26.1 ND ND
approximate SL75-07 P1-00168
primary downwind] SL75-08 P1-00170 126.8 6.2 ND ND
direction. SL75-09 P1-00128 1578 54 ND ND
SL75-13 P1-00093
SL75-14 P1-00066 L1 17.2 ND ND
SL75-15 P1-00103 143.9 20.1 ND ND
SL75-16 P1-00130 177 20.9 ND ND
SL195-02 P1-00204 137 3 ND ND
SL195-03 P1-00136 170 37 ND ND
SL195 SL195-04 P1-00134 90.3 33.7 ND ND
Generally upwind SL195-05 P1-00192 746 7.2 ND ND
of mine SL195-06 P1-00]115 102.1 18.4 ND ND
area/possibly SL195-07 P1-00106 104.5 11.9 ND Tr
downwind from SL195-08 P1-00162 130.2 323 ND ND
Screening Plant. SL195-10 P1-00172 99.1 0 ND -
SL195-11 P1-00112 90.6 4.8 ND ND
SL195-12 P1-00149 120.5 16.2 ND ND
SL255 SL255-02 P1-00214 113.6 38.6 ND Tr
Approximate SL255-03 P1-00212 117.6 18.6 ND ND
upwind direction SL255-04 P1-00180 779 10.1 ND ND
from mine area. SL255-05 P1-00177 152.9 19.5 ND ND
SL255-06 P1-00174 150.1 80.5 ND Tr
SL135-01 P1-00140 2744 123 6% 1.32%
SL135 SL135-02 P1-00138 103.6 11.5 Tr Tr
Across-gradient SL135-03 P1-00166 1593 30.6 ND ND
from primary SL135-04 P1-00077 132.5 6.5 ND ND
downwind SL135-05 P1-00087 1209 65.4 ND ND
direction. SL135-06 P1-0008% 167.6 39 ND ND
SL135-07 P1-060080 61.5 7.7 ND ND
SL135-08 P1-00160 115.5 30.2 ND ND
SL315-01 P1-00216 120.9 0 Tr -
SL315 SL315-02 P1-00218 1119 2.9 ND ND
Across-gradient SL315-03 P1-00132 178.6 24.6 ND ND
from primary SL315-04 P1-00152 197.8 16.8 ND ND
downwind SL315-05 P1-00155 94.2 15.8 ND ND
. SL315-06 P1-00145 176.5 12.7 ND ND
’ SL315-07 P1-00147 97.6 33 ND ND
SL315-08 P1-00158 89.3 10.3 ND ND

Refer 1o Tech Memo 8 for descriptions of Approach 1 and 2.

ND = not detected

Tr = trace

MF = mass fraction

-- = coarse fraction was not analyzed.




TABLE 2-12. AMBIENT AIR FIELD SAMPLE RESULTS

Station ID | Round | Index ID Senls;‘t;lc\'lty LA Count| Concs/cc

T 1 P1-00005 | 5.6E-04 0 0.0E+00

A-1 2 P1-00017 5.6E-04 0 0.0E+00
3 P1-00243 4.5E-04 0 0.0E+00

4 P1-00277 5.6E-04 0 0.0E-+00

1 P1-00006 5.6E-04 0 0.0E+00

A 2 P1-00018 5.6E-04 0 0.0E+00
3 P1-00244 4.5E-04 0 0.0E+00

4 P1-00278 5.6E-04 0 0.0E+00

1 P1-00010 5.6E-04 0 0.0E+00

A3 2 P1-00024 5.6E-04 0 0.0E+00
3 P1-00250 4.5E-04 0 0.0E-+00

4 P1-00284 5.6E-04 0 0.0E+00

1 P1-00007 6.2E-04 0 0.0E+00

A4 2 P1-00020 5.6E-04 0 0.0E+00
3 P1-00245 4.6E-04 0 0.0E+00

4 P1-00279 5.6E-04 0 0.0E+00

| P1-00008 6.2E-04 0 0.0E+00

A5 2 P1-00022 5.6E-04 0 0.0E+00
3 P1-00247 4.5E-04 0 0.0E+00

4 P1-00281 5.6E-04 0 0.0E+00

1 P1-00009 5.6E-04 0 0.0E+00

A6 2 P1-00023 5.6E-04 0 0.0E+00
3 P1-00249 4.5E-04 0 0.0E+00

4 P1-00283 5.6E-04 0 0.0E+00

1 P1-00001 5.6E-04 0 0.0E+00

A7 2 P1-00015 5.6E-04 0 0.0E+00
3 P1-00241 4.5E-04 0 0.0E+00

4 P1-00275 5.6E-04 0 0.0E+00

1 P1-00003 6.2E-04 0 0.0E+00

A8 2 P1-00016 8.0E-04 0 0.0E+00
3 P1-00242 4 5E-04 0 0.0E+00

4 P1-00276 5.6E-04 0 0.0E+00

Round 1: 10/2/2007 - 10/7/2007
Round 2: 10/7/2007 - 10/12/2007
Round 3: 10/12/2007 - 10/17/2007
Round 4: 10/17/2007 - 10/22/2007




aA kA A

Srbs

Table 2-13. Analytical Methods for Surface Water

Category Method Analytes
Metals Aluminum Beryilium Copper Selenium
Antimony Cadmium Lead Silver
SW6020 & SW|Arsenic Chromium Manganese Thallium
60108 Barium Cobalt Nickel Vanadium
Boron Iron Potassium Zinc
Calcium Magnesium Sodium
SW7470A™ [Mercury
Pesticides SW8081A [4,4'-DDD beta-BHC Endosulfan sulfate Heptachlor
4,4’ -DDE Chlordane Endrin Heptachlor epoxide
4,4-DDT delta-BHC Endrin aldehyde Isodrin
Aldrin Dieldrin Endrin ketone Methoxychlor
alpha-BHC Endosulfan 1 gamma-BHC (Lindane) Toxaphene
alpha-Chlordane Endosulfan II gamma-Chlordane
SWSI151A |2,4,5-T Dalapon MCPA
2,4,5-TP (Silvex) Dicamba MCPP
2,4- Dichlorprop Pentachlorophenol
Organophosphorus 8141A Dichlorvos Diazinon Chlorpyrifos Stirophos (Tetrachlorovinphos)
Pesticides Mevinphos Disulfoton Trichloronate Bolstar (Sulprofos)
Demeton-0,S Dimethoate Methyl Parathion Fensulfothion
Ethoprop (Prophos) Ronnel Mathion EPN
Phorate Mermphos Tokuthion (Prothiofos) Azinphos-methy] (Guthion)
Sulfotep Fenthion Ethyl Parathion Coumaphos
PCBs SW8082  |Aroclor 1016 Aroclor 1242 Aroclor 1260
Aroclor 1221 Aroclor 1248 Aroclor 1262
Aroclor 1232 Aroclor 1254 Aroclor 1268
VOCs SW8260B |1,1,1-Trichloroethane 1,3-Dichlorobenzene Chlorodibromomethane Methyl isobutyl ketone
1,1,2,2-Tetrachloroethane 1,4-Dichlorobenzene Chloroethane Methy! tert-butyl ether (MTBE)
1,1,2-Trichloro-1,2,2-trifluoroethane 1.4-Dioxane Chloroform Methylcyclohexane
1,1,2-Trichloroethane 2-Hexanone Chloromethane Methylene chloride
1,1-Dichloroethane Acetone cis-1,2-Dichloroethene o-Xylene
1,1-Dichloroethene Benzene cis-1,3-Dichloropropene Styrene
1,2,3-Trichlorobenzene Bromochloromethane Cyclohexane Tetrachloroethene
1,2,4-Trichlorobenzene Bromodichloromethane Dichlorodifluoromethane Toluene
1,2-Dibromo-3-chloropropane Bromoform Ethylbenzene trans-1,2-Dichloroethene
1,2-Dibromoethane Bromomethane Isopropylbenzene trans-1,3-Dichloropropene
1,2-Dichlorobenzene Carbon disulfide m+p-Xylenes Trichloroethene
1,2-Dichloroethane Carbon tetrachloride Methyl acetate Trichlorofluoromethane
1,2-Dichloropropane Chlorobenzene Methyl ethyl ketone Viny! chloride
SVOCQ_ SW8270C |1,2,4,5-Tetrachlorobenzene 3,3 -Dichlorobenzidine bis(-2chloroethyl)Ether Hexachlorocyclopentadiene
2,3,4,6-Tetrachlorophenol 3-Nitroaniline bis(2-chloroisopropyl)Ether Hexachloroethane
2,4,5-Trichlorophenol 4,6-Dinitro-2-methylphenol bis(2-ethylhexyl)Phthalate m+p-Cresols
2,4,6-Trichlorophenol 4-Bromophenyl phenyl ether Butylbenzylphthalate Nitrobenzene
2,4-Dichlorophenol 4-Chloro-3-methylphenol Caprolactam n-Nitroso-di-n-propylamine
2,4-Dimethylphenol 4-Chlorophenyl pheny! ether Carbazole n-Nitrosodiphenylamine
2,4-Dinitrophenol 4-Nitroaniline Dibenzofuran 0-Cresol
2,4-Dinitrotoluene 4-Nitrophenol Diethyl phthalate p-Chloroaniline
2,6-Dinitrotoluene Acetophenone Dimethyl phthalate Pentachlorophenol
2-Chloronaphthalene Atrazine Di-n-butyl phthalate Phenol
2-Chlorophenol Benzaldehyde Di-n-octyl phthalate
2-Nitroaniline Biphenyl Hexachlorobenzene
2-Nitrophenol bis(-2-chloroethoxy)Methane Hexachlorobutadiene
PAHs SW8270C  |2-Methylnaphthalene Benzo(a)pyrene Dibenzo(a,h)anthracene Naphthalene
Acenaphthene Benzo(b)fluoranthene Fluoranthene Phenanthrene
Acenaphthylene Benzo(g.h,i)perylene Fluorene Pyrene
Anthracene Benzo(k)fluoranthene Indeno(1,2,3-cd)pyrene
Benzo(a)anthracene Chrysene Isophorone
Extractable MA-EPH |C11 to C22 Aromatics C9 to C18 Aliphatics
hydrocarbons C19 to C36 Aliphatics Total Extractable Hydrocarbons
SW8015M  [Total Extractable Hydrocarbons
Volatile MA-VPH  [C5 to C8 Aliphatics Benzene Methy! tert-butyl ether (MTBE)
hydrocarbons C9 to C10 Aromatics Ethylbenzene Naphthalene
C9 to C12 Aliphatics Toluene m+p-Xylenes
Total Purgeable Hydrocarbons Xylenes, Total o-Xylene
Nitrogen cmpds E350.1 Nitrogen, Ammonia as N
E351.2 Nitrogen, Kjeldahl, Total as N
E353.2 Nitrogen, Nitrate+Nitrite as N
E353.2 Nitrogen, Nitrite as N Nitrogen, Nitrate as N
Radionuclides E900.0 Gross Alpha
E903.0 Radium 226
RA-05 Radium 228
A7500-RA  |Radium 226 + Radium 228
Anions E300.0 Chlonde Fluoride Sulfate
E365.1 Orthophosphate as P
Kelada mod [Cyamide, Total
Water quality A2320 B [Alkalinity, Total as CaCO3
parameters Bicarbonate as HCO3
Carbonate as CO3
Hardness as CaCO3
A2540C,D |[Solids, Total Dissolved TDS
A5310C Organic Carbon, Dissolved (DOC)
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Table 2-14. List of Surface Water Stations and Analyses

Cations

X
X
X
X
X
X
X
X
X
X
X

URC-1
URC-2
TP
TP-TOEI
TP-TOE2
MP
LRC-1
LRC-2
LRC-3
LRC-4
LRC-5
LRC-6
FC-1
FC-2
CC-1
CC-2
CCs-1
CCS-6
CCS-8
CCs-9
CCS-11
CCs-14
CCs-16

Fleetwood Creek| FC-Pond
Sample analyzed

impoundment
Lower Rainy
Camey Creck

Upper Rainy
Creck

Creck
Tailings
Mill pond
Seeps
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Table 2-15. Non-Asbestos Results for Surface Water

. Screening
Detected Detection Mean Concentration Benchmark
Category Analytes Units Frequency l?etfzction Aquatic
(DF) Limit (OL)| Mean' Max Receptors
Barium mg/L |24 / 24 100% na 0.47 1.00 5
Calcium mg/L |24 / 24 100% na 82 131 --
Copper mg/l |1 /24 4% 0.002 0.0011 0.004 0.02 2
Iron mg/L |3 /24 13% 0.03 0.071 1.34 --
Metals' Magnesium mg/L |24 / 24 100% na 24 49 82
Manganese mg/L |5 /24 21% 0.02 0.045 0.66 1.5 3
Potassium mg/L |24 / 24 100% na 13 33 53
Sodium mg/L |24/ 24 100% na 8 15 680
Vanadium mg/lL |1 /24 4% 0.01 0.0052 0.01 0.02
Benzene ug/L [1 /24 4% 0.5 0.27 0.65 130
Volatile C5to C8
Hydrocarbons Aliphatics ug/lL |3 /24 13% 20 13.6 62 -
TPH ug/lL |3 /24 13% 20 13.0 53 -
Extractable TEH mgl |2 /24 8% 0.30 0.17 0.47 -
Hydrocarbons
Nitrogen Nitrate mg/L |10/ 15 67% 0.01 0.1 1.2 --
Compounds Nitrite mg/L |1 /24 4% 0.01 0.0 0.01 --
Radionuclides Gross Alpha pCVL [2 / 2 100% na 2.1 2.5 --
Chloride mg/L |22 /24 92% 1 4.5 10 230
Anions Fluoride mg/L. |24 / 24 100% na 0.4 0.9 --
Sulfate mg/L. |24 / 24 100% na 19.9 58 --
PO, mg/L |24 / 24 100% na 0.2 1.16 --
Haéi‘ggias mg/L 20720 100% | na 307 464 -
. Carbonate as
Water Quality mgll [2 /24 8% 4 2.5 11 -
Parameters COs
TDS mg/L |24 /24 100% na 371 549 -- 4
TSS mg/l |4 /24 17% 10 7.8 36 --
DOC mg/L. |23 /23 100% na 4.1 15 --

na = not applicable, all samples detected
TPH = Total Purgeable Hydrocarbons
TEH = Total Extractable Hydrocarbons

"Data presented in this table are based on the dissolved fraction for metals

Mean calculated assuming 1/2 DL for NDs

2 AWQC based on the measured hardness of 299 mg/L at the station where the maximum concentration was detected.

3 Mn ions are rarely found above 1 mg/L; reported tolerance ranges from 1.5 mg/L to over 1000 mg/L (USEPA 1987).
*TDS toxicity is a function of the individual concentrations of common ions (K', HCOy, Mg2+, CI, SO42') (Mount et al. 19¢




Table 2-16. Summary of Water Quality Parameters by Sampling Location

Oxidation/
. . ° Conductivity Dissolved Turbidity Reduction
Station ID Date Time Temperature (°C) pH (mS/cm) Oxygen (mg/L) (NTU) Potential

(mV)

URC-1 10/14/2007 10:45 4.68 8.46 0.377 12.21 4.2 295
URC-2 10/14/2007 9:15 3.89 8.43 0.402 37.72 6.8 278
LRC-1 10/15/2007 13:45 8.93 8.73 0.52 12.1 3.6 262
LRC-2 10/15/2007 12:35 7.85 8.68 0.522 11.52 3.2 310
LRC-3 10/15/2007 11:45 6.18 8.71 0.573 9.69 4.5 297
LRC-4 10/15/2007 11:00 5.04 8.72 0.573 12.37 4.7 319
LRC-5 10/15/2007 10:30 4.79 8.83 0.57 13.34 3.7 332
LRC-6 10/15/2007 9:45 5.73 8.74 0.546 11.92 7.5 311
FC-1 10/13/2007 11:30 6.5 8.76 11.17 10.65 8.5 287
FC-2 10/13/2007 12:45 7.08 8.69 7.12 10.84 2.4 259
FC-Upper Pond 10/13/2007 11:15 9.34 8.8 0.295 11.7 37.2 263
TP 12/12/2007 15:20 1 8.14 0.508 12.74 10.3 342
TP-TOEI 10/16/2007 12:00 8.73 7.71 0.703 6.08 1.9 299
TP-TOE2 10/16/2007 12:45 9.04 7.96 0.648 10.89 25.1 294
MP 10/16/2007 13:30 8.73 8.05 0.526 9.94 60.5 312
CC-1 10/11/2007 12:15 7.01 7.94 0.693 9.32 23.1 297
CC-2 10/11/2007 11:00 7.81 6.67 0.715 9.06 2.1 337
CCS-1 10/12/2007 12:47 8.77 8.23 0.746 8.28 225 266
CCS-6 10/12/2007 9:30 5.73 7.89 0.767 7.2 5999 1.92
CCS-8 10/17/2007 11:45 7.27 82 0.75 8.84 2.5 292
CCS-9 10/16/2007 11:00 8.39 8.16 0.746 24.05 3.8 323
CCS-11 10/12/2007 15:30 8.78 8.09 0.654 11.51 12.7 1.06
CCS-14 10/13/2007 10:00 7.12 8.41 0.59 30.5 24.1 283
CCS-16 10/17/2007 10:15 7.44 8.04 0.904 30.79 6.4 188




Table 2-18. Analytical Methods for Sediment

Category Method Analytes
Metals Aluminum Chromium Selenium
Antimony Cobalt Silver
SW6020 & Ars.enic Copper Thallhfm
SW6010B Banur{l Iron V?nadlum
Beryllium Lead Zinc
Boron Manganese
Cadmium Nickel
SW7471A _ [Mercury
Cyanide SW9012 Total cyanide
Pesticides SW8081A [4,4-DDD beta-BHC Endosulfan sulfate Heptachlor
4,4'-DDE Chlordane Endrin Heptachlor epoxide
4,4°-DDT delta-BHC Endrin aldehyde Isodrin
Aldrin Dieldrin Endrin ketone Methoxychlor
alpha-BHC Endosulfan 1 gamma-BHC (Lindane) Toxaphene
alpha-Chlordane Endosulfan 11 gamma-Chlordane
SW8151A  [2,4,5-T Dalapon MCPA
2,4,5-TP (Silvex) Dicamba MCPP
2,4-D Dichlorprop Pentachlorophenol
Organophosphorus 8141A Dichlorvos Diazinon Chlorpyrifos Stirophos (Tetrachlorovinphos)
Pesticides Mevinphos Disulfoton Trichloronate Bolstar (Sulprofos)
Demeton-0,S Dimethoate Methy] Parathion Fensulfothion
Ethoprop (Prophos) Ronnel Mathion EPN
Phorate Merphos Tokuthion (Prothiofos) Azinphos-methy! (Guthion)
Sulfotep Fenthion Ethyl Parathion Coumaphos
PCBs SW8082 Aroclor 1016 Aroclor 1242 Aroclor 1260
Aroclor 1221 Aroclor 1248 Aroclor 1262
Aroclor 1232 Aroclor 1254 Aroclor 1268
VOCs SW8260B |1,1,1-Trichloroethane 1,3-Dichlorobenzene Chlorodibromomethane Methyl isobutyl ketone
1,1,2,2-Tetrachloroethane 1,4-Dichlorobenzene Chloroethane Methyl tert-butyl ether (MTBE}
1,1.2-Trichloro-1,2,2-triflucroethane 1,4-Dioxane Chloroform Methylcyclohexane
1,1,2-Trichloroethane 2-Hexanone Chloromethane Methylene chloride
1,1-Dichloroethane Acetone cis-1,2-Dichloroethene o-Xylene
1,1-Dichloroethene Benzene cis-1,3-Dichloropropene Styrene
1,2,3-Trichlorobenzene Bromochloromethane Cyclohexane Tetrachloroethene
1,2,4-Trichlorobenzene Bromodichloromethane Dichlorodifluoromethane Toluene
1,2-Dibrome-3-chloropropane Bromoform Ethylbenzene trans-1,2-Dichloroethene
1,2-Dibromoethane Bromomethane Isopropylbenzene trans-1,3-Dichloropropene
1,2-Dichlorobenzene Carbon disulfide m+p-Xylenes Trichloroethene
1,2-Dichloroethane Carbon tetrachloride Methyl acetate Trichlorofluoromethane
1,2-Dichloropropane Chlorobenzene Methyl ethyl ketone Vinyl chloride
SVOCs SW8270C  [1,2,4,5-Tetrachlorobenzene 3,3 -Dichlorobenzidine bis(-2-chloroethyl)Ether Hexachlorocyclopentadiene
2,3,4,6-Tetrachlorophenol 3-Nitroaniline bis(2-chloroisopropyl)Ether Hexachloroethane
2,4,5-Trichlorophenol 4,6-Dinitro-2-methylphenol bis(2-ethylhexy!)Phthalate m+p-Cresols
2,4,6-Trichlorophenol 4-Bromopheny! phenyl ether Butylbenzylphthalate Nitrobenzene
2.4-Dichlorophenol 4-Chloro-3-methylphenol Caprolactam n-Nitroso-di-n-propylamine
2,4-Dimethylphenol 4-Chloropheny] phenyl ether Carbazole n-Nitrosodiphenylamine
2,4-Dinitrophenol 4-Nitroaniline Dibenzofuran o-Cresol
2,4-Dinitrotoluene 4-Nitrophenol Diethyl phthalate p-Chloroaniline
2,6-Dinitrotoluene Acetophenone Dimethyl phthalate Pentachlorophenol
2-Chloronaphthalene Atrazine Di-n-butyl phthalate Phenol
2-Chlorophenol Benzaldehyde Di-n-octyl phthalate
2-Nitroaniline Biphenyl Hexachlorobenzene
2-Nitrophenol bis(-2-chloroethoxy)Methane Hexachlorobutadiene
PAHs SW8270C  [2-Methylnaphthalene Benzo(a)pyrene Dibenzo(a,h)anthracene Naphthalene
Acenaphthene Benzo(b)fluoranthene Fluoranthene Phenanthrene
Acenaphthylene Benzo(g,h,i)perylene Fluorene Pyrene
Anthracene Benzo(k)fluoranthene Indeno(1,2,3-cd)pyrene
Benzo(a)anthracene Chrysene Isophorone
Extractable MA-EPH  [C11 to C22 Aromatics C9 to C18 Aliphatics
hydrocarbons C19 to C36 Aliphatics Total Extractable Hydrocarbons
SW8015M  |Total Extractable Hydrocarbons
Volatile MA-VPH  |C5 to C8 Aliphatics Benzene Methyl tert-butyl ether (MTBE)
hydrocarbons C9 to C10 Aromatics Ethylbenzene Naphthalene
C9 to C12 Aliphatics Toluene m+p-Xylenes
Total Purgeable Hydrocarbons Xylenes, Total 0-Xylene
Anions E300.0 Fluoride
E365.1 Total Phosphorus
Sediment ASAMI0-3.2 |pH, sat. paste
quality SW3550A  [Moisture
parameters Leco Carbon. Organic
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Table 2-19. List of Sediment Stations and Analyses
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Table 2-20. Non-Asbestos Results for Sediment

Detection Mean Detection Concentration (mg/kg) Screening Benchmarks
Category Detected Analytes Frequency (DF) Limit (DL) Mean' Max Aquatic Receptors
(mg/kg) TEC PEC
Aluminum 24 / 24 100% na 12,419 33,800 25,519 | 59,572
Arsenic 10 / 24 42% 2,00 2.1 7 10 33
Barium 24 /] 24 100% na 844 4,930 no benchmark
Chromium 24 / 24 100% na 149 988 43 111
Cobalt 23 / 24 96% 5.00 18 75 no benchmark
Copper 24 [/ 24 100% na 31 66 32 149
Iron 24 / 24 100% na 21,817 54,600 188,400 | 247,600
Metals Lead 23 /24 96% 5.00 27 100 36 128
Manganese 24 / 24 100% na 1,240 12,700 631 1,184
Mercury 2 /24 8% 0.10 0.1 0.1 0.2 1
Nickel 23 /24 96% 5.00 37 226 23 49
Selenium /24 17% 0.50 0.4 1.4 no benchmark
Thallium 3 /724 13% 0.60 0.5 43 no benchmark
Vanadium 24 / 24 100% na 45 105 no benchmark
Zinc 24 / 24 100% na 27 54 121 459
PAH Pyrene 1 /14 7% 0.87 0.4 1.2 0.2 2
VOC Methyl acetate 2/ 2 100% na 0.3 0.4 no benchmark
Cl11to C22 Aromatics | 4 / 12 33% 24.41 63 436 no benchmark
Extractable C19 to C36 Aliphatics | 4 / 12 33% 25.63 71 350 no benchmark
Hydrocarbons C9to C18 Aliphatics [ 2 / 12 17% 26.40 28 162 no benchmark
TEH (MA-EPH) 4 /12 33% 25.13 188 1,240 no benchmark
TEH (SW8015M) 23 / 24 96% 9.80 176 928 no benchmark
Volatile C9to C10 Aromatics | 1 / 24 4% 3.86 2.3 10 no benchmark
Hydrocarbons C9 to C12 Aliphatics /24 4% 3.95 2.0 10 no benchmark
TPH 3724 13% 3.65 2.9 17 no benchmark
Anions Fluoride’ 5124 21% 1.0 0.875 4.1 no benchmark
Total phosphorus2 24 / 24 100% na 2,564 10,200 no benchmark
Sediment pH, sat. paste 24 [/ 24 100% na 7.2 8 -- - --
Quality Moisture 24 / 24 100% na 39.9 86 -- - --
Parameters Carbon, Organic 24 / 24 100% na 2.5 15 - - --

na = not applicable, all samples detected
TEH = Total Extractable Hydrocarbons
TPH = Total Purgeable Hydrocarbons
TEC = Threshold Effect Concentrations
PEC = Probable Effect Concentrations

! Mean calculated assuming 1/2 DL for NDs
? Data not yet validated
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Table 2-21. Analytical Methods for Mine Waste & On-site Soils

Category Method Analytes
Metals Aluminum Chromium Selenium
Antimony Cobalt Silver
SW6020 & Ars?nic Copper Tha”ilfm
SW6010B Banurf] Iron V.anadlum
Beryllium Lead Zinc
Boron Manganese
Cadmium Nickel
SW7471A  [Mercury
Cyanide SW9012 Total cyanide
Pesticides SWS8081A |4,4-DDD beta-BHC Endosulfan sulfate Heptachlor
4,4°-DDE Chlordane Endrin Heptachlor epoxide
4,4’-DDT delta-BHC Endrin aldehyde Isodrin
Aldrin Dieldrin Endrin ketone Methoxychlor
alpha-BHC Endosulfan I gamma-BHC (Lindane) Toxaphene
alpha-Chlordane Endosuifan II gamma-Chlordane
SW8I151A  |2,4,5-T Dalapon MCPA
2,4,5-TP (Silvex) Dicamba MCPP
24-D Dichlorprop Pentachlorophenol
Organophosphorus 8141A Dichlorvos Diazinon Chlorpyrifos Stirophos (Tetrachlorovinphos)
Pesticides Mevinphos Disulfoton Trichloronate Bolstar (Sulprofos)
Demeton-O,S Dimethoate Methyl Parathion Fensulfothion
Ethoprop (Prophos) Ronnel Mathion EPN
Phorate Merphos Tokuthion (Prothiofos) Azinphos-methyl (Guthion)
Sulfotep Fenthion Ethyl Parathion Coumaphos
PCBs SW8082 Aroclor 1016 Arvoclor 1242 Aroclor 1260
Aroclor 1221 Aroclor 1248 Aroclor 1262
Aroclor 1232 Aroclor 1254 Aroclor 1268
VOCs SW8260B  [1,1,1-Trichloroethane 1,3-Dichlorobenzene Chlorodibromomethane Methyl isobutyl ketone
1,1,2,2-Tetrachloroethane 1,4-Dichlorobenzene Chloroethane Methyl tert-butyl ether (MTBE)
1,1,2-Trichloro-1,2,2-triftuoroethane 1,4-Dioxane Chloroform Methylcyclohexane
1,1,2-Trichloroethane 2-Hexanone Chloromethane Methylene chloride
1,1-Dichloroethane Acetone cis-1,2-Dichloroethene 0-Xylene
1,1-Dichloroethene Benzene cis-1,3-Dichloropropene Styrene
1,2,3-Trichlorobenzene Bromochloromethane Cyclohexane Tetrachloroethene
1,2,4-Trichlorobenzene Bromodichloromethane Dichlorodifluoromethane Toluene
1,2-Dibromo-3-chloropropane Bromoform Ethylbenzene trans-1,2-Dichloroethene
1,2-Dibromoethane Bromomethane Isopropylbenzene trans- 1,3-Dichloropropene
1,2-Dichlorobenzene Carbon disulfide m+p-Xylenes Trichloroethene
1,2-Dichloroethane Carbon tetrachloride Methyl acetate Trichlorofluoromethane
1,2-Dichloropropane Chlorobenzene Methyl ethyl ketone Vinyl chloride
SVOCs SW8270C [1,2,4,5-Tetrachlorobenzene 3,3"-Dichlorobenzidine bis(-2-chloroethyl)Ether Hexachlorocyclopentadiene
2,3,4,6-Tetrachlorophenol 3-Nitroaniline bis(2-chloroisopropy!l)Ether Hexachloroethane
2,4,5-Trichlorophenol 4,6-Dinitro-2-methyiphenol bis(2-ethylhexyl)Phthalate m+p-Cresols
2 4,6-Trichlorophenol 4-Bromophenyl phenyl ether Butylbenzylphthalate Nitrobenzene
2,4-Dichlorophenol 4-Chloro-3-methylpheno} Caprolactam n-Nitroso-di-n-propylamine
2,4-Dimethylphenol 4-Chloropheny! pheny! ether Carbazole n-Nitrosodiphenylamine
2,4-Dinitrophenol 4-Nitroaniline Dibenzofuran o-Cresol
2,4-Dinitrotoluene 4-Nitrophenol Diethyl phthalate p-Chloroaniline
2,6-Dinitrotoluene Acetophenone Dimethy! phthalate Pentachlorophenol
2-Chloronaphthalene Atrazine Di-n-buty! phthalate Phenol
2-Chlorophenol Benzaldehyde Di-n-octy! phthalate
2-Nitroaniline Biphenyl Hexachlorobenzene
2-Nitrophenol bis(-2-chloroethoxy)Methane Hexachlorobutadiene
PAHs SW8270C  [2-Methylnaphthalene Benzo(a)pyrene Dibenzo(a,h)anthracene Naphthalene
Acenaphthene Benzo(b)fluoranthene Fluoranthene Phenanthrene
Acenaphthylene Benzo(g,h,i)perylene Fluorene Pyrene
Anthracene Benzo(k)fluoranthene Indeno(1,2,3-cd)pyrene
Benzo(a)anthracene Chrysene Isophorone
Extractable MA-EPH  |C11 to C22 Aromatics C9 to C18 Aliphatics
hydrocarbons C19 to C36 Aliphatics Total Extractable Hydrocarbons
SW8015M  |Total Extractable Hydrocarbons
Volatile MA-VPH  |CS5 to C8 Aliphatics Benzene Methy! tert-butyl ether (MTBE)
hydrocarbons C9 to C10 Aromatics Ethylbenzene Naphthalene
C9 to C12 Aliphatics Toluene m+p-Xylenes
Total Purgeable Hydrocarbons Xylenes, Total o-Xylene
Anions E300.0 Fluoride
E365.1 Total Phosphorus
Sediment ASAMI10-3.2 |pH, sat. paste
quality SW3550A  |Moisture
parameters Leco Carbon. Organic




Table 2-22. List of Mine Waste and Soil Stations and Analyses

£.3

Asbestos Calions otal B Pertroleum Hydrocarbons Anions Sediment quality parameters
(LA) TAL Metals Hg C;l!-anide Pesticides PeBs voe SVOCs | P Extractable HC Volatile HC| Fluoride | Phosphorus pH Moisture oC
Sample Reach M PLM-VE | sw6020 | swe0i0B | sw7a7ta | swoo1z | swaoria | swaisia 81414 swaos2 | swa2eoB | swsaroc | swraroc | MA-FPIT | swrorsm | Ma-veH F100 0 E165 1 ASAMI0-12 | SW3ssnA Leco
I MS-1 X X X X X X X X X
2 Road MS-2 X X X X X X X X X X X X X X
3 MS-3 X X X X X X X X X X X X X X
4 Tailings  |MS4 X X X X X X X X X X X X X X X X X X
5 Impoundment |ns.5 X X X X X X X X X X X X X X X X X X
6 MS-6 X X X X X X X X X X X
7 MS-7 X X X X X X X X X X X
Coarse Tailings
8 MS-8 X X X X X X X X X X X
9 MS-9 X X X X X X X X X X X
10 MS-10 X X X X X X X X X X X
18§ MS-11 X X X X X X X X X X X
12 MS-12 X X X X X X X X X X X
13 MS-13 X X X X X X X X X X X
Cover Malerial
14 MS-2) X X X X X X X X X X X
15 MS-22 X X X X X X X X X X X
16 MS-23 X X X X X X X X X X X
17 MS-24 X X X X X X X X X X X
8 MS-14 X X X X X X X X X X X
19 MS-15 X X X X X X X X X X X
20 MS-16 X X X X X X X X X X X
21 MS-17 X X X X X X X X X X X
22 MS-18 X X X X X X X X X X X
23 MS-19 X X X X X X X X X X X
24 Waste Rock  |MS-20 X X X X X X X X X X X X X
25 MS-26 X X X X X X X X X X X
26 MS-27 X X X X X X X X X X X
27 MS-28 X X X X X X X X X X X
28 MS-29 X X X X X X X X X X X
29 MS-30 X X X X X X X X X X X
30 MS-32 X X X X X X X X X X X
31 MS-25 X X X X - X X X X X
32 MS-3i X X X X X X X X X
33 MS-33 X X X X X X X X X
34 MS-34 X X X X X X X X X
Qutcrop

35 MS-35 X X X X X X X X X
36 MS-36 X X X X X X X X X
37 MS-37 X X X X X X X X X
38 MS-38 X X X X X X X X X

x = Sample
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Table 2-23. Non-Asbestos Results for Mine Waste and Soil

Detection Mean Concentration (mg/kg) Screening Benchmarks (mg/kg)
Category Detected Analytes Frequency (DF) Detection Mean! Max Plants Soil Wildlife?
Limit (DL) Invertebrates
Aluminum 38 / 38 100% na 17,874 50,900 pH-dep | 3 | pH-dep pH-dep
Antimony 1 /38 3% 0.30 0.15 0.30 - 78 0.27
Arsenic 4 /38 11% 2.00 1.16 3.00 18 -- 43
Barium 38 / 38 100% na 917 3,200 -- 330 2,000
Chromium 38 / 38 100% na 218 881 - - 26
Cobalt 38 / 38 100% na 27 63 13 - 120
Copper 37 / 38 97% 5.00 31 109 70 80 28
Metals Iron 38 / 38 100% na 24,905 51,900 pH-dep | 4] pH-dep | 4 pH-dep
Lead 36 / 38 95% 5.00 19 50 120 1,700 11
Manganese 38 / 38 100% na 357 808 220 450 4,300
Mercury 1 /38 3% 0.10 0.06 0.30 -- - 0.161
Nickel 38 / 38 100% na 57 135 38 280 130
Thallium 3 /38 8% 0.60 0.34 0.90 - - --
Vanadium 38 / 38 100% na 39 114 2 - 7.8
Zinc 38 / 38 100% na 27 70 160 120 46
Benzo(a)anthracene 2/ 6 33% 0.37 0.13 0.21 na -- na
Benzo(a)pyrene 1 /6 17% 0.30 0.13 0.21 na -- na
Benzo(b)fluoranthene 1 /6 17% 0.30 0.13 0.21 na -~ na
Benzo(g,h,i)perylene 1 /6 17% 0.30 0.13 0.21 na - na
PAHs Benzo(k)fluoranthene 1 /76 17% 0.30 0.13 0.21 na -- na
Chrysene 2/ 6 33% 0.37 0.13 0.21 na -~ na
Indeno(1,2,3-cd)pyrene 1 /6 17% 0.30 0.13 0.21 na -- na
Pyrene 2/ 6 33% 0.37 0.13 0.21 na - na
Total HMW-PAHs 1.02 1.68 -- 18 100
Pesticide  [Pentachiorophenol 1 /7 4 25% 0.31 0.13 0.25 5 31 2
VOC Methyl acetate 2/ 2 100% na 1.13 1.7 -- -- —
C11 to C22 Aromatics 5/ 6 8% 13 33 78 - - --
C19 to C36 Aliphatics 6 / 6 100% na 80 154 -- -~ --
HI;:/)(‘itr?::l:)c];s C9 to C18 Aliphatics 2/ 6 33% 11 17 53 - -- --
TEH (MA-EPH) 6 / 6 100% na 173 365 -- - --
TEH (SW8015M) 22 / 30 73% 10.43 61.22 474 -- - --
Toluene (MA-VPH) 1 /30 3% 0.04 0.02 0.071 200 -- 26
Volatile C5 to C8 Aliphatics 1 /30 3% 1.66 0.85 1.4 -- -- -
Hydrocarbons |C9 to C10 Aromatics 1 /730 3% 1.66 1.33 16 -- -- --
Total Purgeable Hydrocarbons | 3/ 30 10% 1.66 1.53 17 - - -
. Fluoride® 2 /38 5% 1.0 0.73 5 - - -
Anions
Total Phosphorus® 38 / 38 100% na 2,733 11,700 - - -
. . Carbon, Organic 38 / 38 100% na 0.59 3 na -- na
Soil Quality [ s e 38 7 38 _100%]  na 8.70 33 na - na
Parameters
pH, sat. paste 38 / 38 100% na 7.73 8.5 na -- na

na = not applicable

-- = not available

' Mean calculated assuming 1/2 DL for NDs

*From Attachment C

* Aluminum s considered to be a contaminant of potential concern under conditions where soil pH is less than 5.5. Minimum reported soil pH for the mine

waste samples was 6.3.

*A numeric Eco-SSL for iron was not derived. The potential toxicity of iron in soils is dependant on soil pH and Eh.

* Based on the Montana Numerical Water Quality Standards (DEQ-7) Tier 1 Surface Soil RBSLs (mg/kg) < 10 feet to groundwater.

¢ Data not yet validated.




TABLE 6-1 Histological Lesions in Fish Exposed to Asbestos

Reference Species Asbestos type Exposure Response Site Observed Pathology Grosl; flf‘e (Zerse
Belanger et al. 1986 | Coho Salmon Chrysotile Distortion, erosion, Adverse rheotaxic
5E+06 fibers/L Lateral Line tumorous swelling and behavior (fish could
coelomic distention not swim)

Japanese Medaka Chrysotile Decreased growth,

1E+06 fibers/L Epidermis Increased thickening . .
increased mortality
Yasutake 1982,1983 | Multiple species Chrysotile 1E+06 fibers/L Lamella aneurysm,
Gill epithelial hypertrophy,
Amosite 1E+09 fibers/ L hyperplasia, sloughing,

degeneration, necrosis

Sloughing, reduction in

Epidermis mucus cells No data

Amorphous foreign
bodies, extensive

Kidney intracytoplamic ceroid-
like material in epitehelial
cells of renal tubules

Muscle Fiber degeneration
Woodhead et al. Amazon molly Chrysotile Img/L Vacuolation and necrosis
1983 Heart of the sarcoplasm of the None

bulbus arteriosus

Kidneys, gills Lesions None
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Table 6-2 Wildlife Exposed Receptor Groups

Exposed Description of Exposed A
Receptor Species in Group
Group
Group
Mammallaq IMVETtIVOrous species Dusky or Montane Shrew (Sorex monticolus)
that feed primarily on soil .
Ground . Masked Shrew (Sorex cinereus)
. invertebrates, forage on the ground .
Invertivore . . Pygmy Shrew (Sorex hoyi)
and may inhabit underground
Vagrant Shrew (Sorex vagrans)
burrows.
Arboreal gdnilnr?i%ahaz ;nzgglsvi)hrotu fsezgd Northern Flying Squirrel (Glaucomys sabrinus)
Invertivore IvOrous sp a Red-tailed Chipmunk (Tamias ruficaudus)
primarily in trees.
Bushy-tailed Woodrat (Neotoma cinerea)
Columbian Ground Squirrel (Spermophilus columbianus)
Deer Mouse (Peromyscus maniculatus)
Golden-mantled Ground Squirrel (Spermophilus lateralis)
Heather Vole (Phenacomys intermedius)
Mammalian herbivorous species Hoary Marmot (Marr.nota ca[lgat.a)
= . Long-tailed Vole (Microtus longicaudus)
8| Ground that feed primarily on plant . . . [
= . . Mountain Cottontail (Sylvilagus nuttallii)
« | Herbivore/ material, forage on the ground and .
E Omnivore may inhabit burrows or nests on Northen Pocket Gopher (Thomomys talpoides)
E the eround Pika (Ochotona princeps)
= grounc. Red Squirrel (Tamiasciurus hudsonicus)
Southern Red-backed Vole (Clethrionomys gapperi)
Snowshoe Hare (Lepus americanus)
Yellow-bellied Marmot (Marmota flaviventris)
Yellow pine chipmunk (Tamias amoenus)
Western Jumping Mouse (Zapus princeps)
Cumtvore | o e 5% e Wt americana
P y North American Wolverine (Gulo gulo luscus)
mammals
Aquatic Mammalian species that feed in Muskrat (Ondatra zibethicus)
Invertivore/ |riparian areas on aquatic plants and | Water Shrew (Sorex palustris)
Omnivore aquatic invertebrates Water Vole (Microtus richardsoni)
L Species that feed in riparian areas . .
Piscivore on fish and some invertebrates. Mink (Mustela vison).
American robin (Turdus migratorius)
Common Yellowthroat (Geothlypis trichas)
Flammulated Owl (Otus flammeolus)
House Wren (Troglodytes aedon)
Killdeer (Charadrius vociferus)
Ground Avian insectivorous species that Nashl:/ 111e1}A(a1r(blerC(VVlermzvora ruficapilla)
= | Invertivore |feed primarily on soil invertebrates Northern Flicker (. olaptes auratus)
= " | Rock Wren (Salpinctes obsoletus)
Z Spotted Towhee (Pipilo maculatus)
Townsend's Solitaire (Myadestes townsendi)
Warbling Vireo (Vireo gilvus)
Winter Wren (Troglodytes troglodytes)
Western Bluebird (Sialia mexicana)
American Redstart (Sefophaga ruticilla)
. . I American Three-toed Woodpecker (Picoides dorsalis)
f‘rbff?al éwan spemei t}:at ‘feed primarily in Black-backed Woodpecker (Picoides arcticus)




el K3 ECA

Table 6-2 Wildlife Exposed Receptor Groups

Exposed
Receptor
Group

Description of Exposed
Group

Species in Group

Black-capped Chickadee (Poecile atricapillus)
Brown Creeper (Certhia Americana)
Chestnut-backed Chickadee (Poecile rufescens)
Downy Woodpecker (Picoides pubescens)
Golden-crowned Kinglet (Regulus satrapa)
Orange-crowned Warbler (Vermivora celata)
Pileated Woodpecker (Dryocopus pileatus)
Pygmy Nuthatch (Sitta pygmaea)
Red-breasted Nuthatch (Sitta canadensis)
Ruby-crowned Kinglet (Regulus calendula)
Townsend's Warbler (Dendroica townsendi)

Ground
Herbivore

Avian species that feed primarily
on plant material and forage on the
ground.

Chipping Sparrow (Spizella passerina)
Common Redpoll (Carduelis flammea)
Pine Siskin (Carduelis pinus)

Spruce Grouse (Falcipennis canadensis)
Mourning Dove (Zenaida macroura)
Ruffed Grouse (Bonasa umbellus)

Carnivore

Avian species that feed on other
birds and small mammals.

American Kestrel (Falco sparverius)
Barred Owl (Strix varia)

Boreal Owl (Aegolius funereus)
Northern Goshawk (dccipiter gentilis)
Northern Pygmy-owl (Glaucidium gnoma)

Aquatic
Invertivore

Avian species that forage in along
streams and ponds probing into
sediments.

American Dipper (Cinclus mexicanus)
Bank Swallow (Riparia riparia)
Bufflehead (Bucephala albeola)

Marsh Wren (Cistothorus palustris)
Rufous Hummingbird (Selasphorus rufus)
Spotted Sandpiper (Actitis macularius)

Aquatic
Herbivore/
Omnivore

Avian species that feed on aquatic
vegetation and sometimes aquatic
invertebrates

American Coot (Fulica americana)
American Wigeon (Anas americana)
Blue-winged Teal (Anas discors)
Green-winged Teal (4nas crecca)
Mallard (4nas platyrhynchos)

Piscivore

Represents piscivorous avian
species that feed primarily on fish
and some invertebrates.

Belted kingfisher (Ceryle alcyon)
Common Merganser (Mergus merganser)
Great Blue Heron (Ardea herodias)
Marsh Wren (Cistothorus palustris)
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Figure 1-1

Eight Step Process Recommended in Ecological Risk Assessment

Guidance for Superfund (ERAGs) (USEPA, 1997)

STEP 1: SCREENING LEVEL
o «  Site Visit Risk Assessor
2 g SN = Problem Formulation and Risk
5 = = Toxicity Evaluation Manager
o g Agreement
2, ug STEP 2: SCREENING LEVEL
§ = = Exposure Estimate
© = Risk Characterization » SMDP
STEP 3: PROBLEM FORMULATION
Toxicity Evaluation
A A 4
Assessment Conceptual Model
Endpoints < ™ Exposure Pathways
—> Y
_E Questions/Hypotheses —» SMDP
8
S STEP 4: STUDY DESIGN AND DQO
g PROCESS
A = Lines of Evidence
= Measurement Endpoints —>» SMDP
Work Plan and Sampling and Analysis Plan
—>| STEP 5: VERIFICATION OF FIELD —» SMDP
SAMPLING DESIGN
STEP 6: SITE INVESTIGATION AND DATA ... » SMDP
ANALYSIS
STEP 7: RISK CHARACTERIZATION
STEP 8: RISK MANAGAMENT —» SMDP
Problem Formulation for the Ecological Risk Assessment, Libby OU3 December 2007
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Rainy Creek Drainage

Figure 2-9. Photographs of Aquatic Habitats within OU3 Area
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Figure 2-9. Photographs of Aquatic Habitats within OU3 Area




SEDIMENT

Mill Pond

Tailings Impoundment
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Figure 3-1. Conceptual Site Model for Exposure of Ecological Receptors to Non-Ashestos Contaminanats at OU3
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Figure 3-2. Conceptual Site Model for Exposure of Ecological Receptors to Asbestos at OU3
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FIGURE 5-1

STRATEGY FOR EVALUATION OF
RISKS FROM NON-ASBESTOS CONTAMINANTS
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FIGURE 6-1

STRATEGY FOR SITE-SPECIFIC TESTING OF
RISKS TO AQUATIC ORGANISMS FROM ASBESTOS IN SURFACE WATER
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FIGURE 6-2

STRATEGY FOR SITE-SPECIFIC TESTING OF
RISKS TO BENTHIC INVERTEBRATES FROM ASBESTOS IN SEDIMENT
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Attach A-1. Amphibian Species Occuring within the Libby OU3 Site
Page 1 of 32
Observation in Lincoln,
Habitat Group Co., Montana
Common Name Feeding Global | State Most
Group {Genus/species) | Foraging| Nesting |  General Habitat Description Guild Food Hibernation | Longevity| Size Rank | Rank | Oldest| Recent | Number
Regularly found in the water only
during the breeding period in spring In
weslern Montana they breed in
Chorus Frogs  {Pacific Treefrog \emporary ponds 1n lower elevation |, . N
(Fiylidae) \ Pseudacris regilla) Aquatic | AQUANE it and inlermountam valleys NA NA NANP NA NA Gs f sS4 [ 194 ] 2000 1ol
shortly afier snowmeli Eggs hatch in 2
10 3 weeks and 1adpoles take ¥ to 10
weck
Spring:
prings and sceps, waterfall spray When above ground, Coeur d'Alene salamanders
7ones, and siream edges. More freq 1t mdered 5
Family Woodland |Coeur d'Alene specifically, pnmary habitats are e e ormren » e .lr“'::“"
(Plethodon | Aquatic | Aquatc [scepages and sreamside talus; they also |Investivore ouier invertebraien. Iclucing mitipecs. NA NA NA G4 sr | 1962 | 2008 102
S [mites. sprders, harvestmen, snals, and segmented
(Plethodontidue)  Jidakoensss ) inhabit talus far from free water (decp e
falos tar from worms They appear 10 be opportunistic feeders
1alus mined with moist soil on well- o o
shaded north- facing slopes) In wet w generally res!
[Small, swift. cold mountan sireams.
Iigs are lasd during late sumwer and
O e iy st v et st o st
tled Frog Frog (Ascaphus Aquanc | Aquanc | 2PC y Insecrivore |- PO €0 oppontunistic. forage af niy u NANP NA NA G4 sa | 190 | 2006 a3
t Ascaphidae) metamorphose, depending on water in forest near sircams Prey on inveriebrates,
monsanus )
Sexual malurity in mainly terres. bul also aquatre forms
Mounlana is altained a1 6 or 7 years of
age (the la
Spotted frogs are regularly found at
i i P
water's edge in of near forest openings Larvac: veg (Callitnche/Spirogyra) n
True Ktogs ( olumbia Spotted Fro Wetlands at or near trecline are also Yellowsione Adults: mainly ground insects in W
rue Fro: OPOHEA FIOR |\ quatic | Aquatic [used, bul populations are uncommon 1 [NA cliowstone Aduls: mainly pround insecls in NA NA NA G4 s4 | 1022 | 2007 39
(Ranida) (Rana lutviventris ) MT: coleoplera 3§%. hymenoptera 22%, arachmd
large, open itcrmountain valieys 15%. otbns < 1
Breeding takes place in lakes, ponds *
temporacy and permanent), sp
e Setamanders |17 1094 Selamander e The tpialyee i pons oncs oxg e, . el e e
(Ambystoma Aquave | Aquane |1 ¥ {ypically breedin ponds or ;o ctivace g - lgac. Adul: lerre opods NA NA NA G5 sa | 1062 | 2007 246
Pleihodoniidac) lakes, usually those withou fish mostly formictd coleop, diptera) 74%5; aq 1nsect
macrodactyium)
preseat larv. {mostly n- chop) 37%
Metzmorphosed frogs eat various smail
Low elevation and valley botiom ponds, inveriebraies, including vanous insects, spiders,
spittway ponds, beaver ponds. stock leeches, and snails obtained along the water's edge|
reservours, lakes, creeks, pools 1 or 1n nearby meadows o fields They rarely eat
True Frogs Northern Leopard Frof Intermittent streams. warm water small veriebrates Larvae eat algae, plant nssue,
rue Froe: P 2 | Aquanc | Aquavc [springs, potholes, and marshes There |Inveruvore [organic debris, and probably some small NA NA NA Gs | sisz| 1922 | 2006 14
(Kanidae) (Rana pipiens ) -
s no evadence (hat this species in invertebrates In Montana, adults have been
Montana has occupied high elevation documenied feeding on 10 orders of insects,
wetlands. in contrast 1o Wyoming and spiders, mutes, harvestmen, centipedes.
Colorado mullipedes, snails, and newly metamorphosed
boreal 1oads
labitats used by boreal toads i
Montana are similar 1o those reported
for othe regions, and include low
T d Western Toad (B ) y A F <1 orders; sprders, dad ,
rue Toads estem Toad (Bufo |\ (uatic | Aquabc |elevanon beaver ponds. reservoirs,  |Insechvore | ¢ 3€ct orders: spiders, daddy longlegs, and NANP NA NA G | s2 | 1o | 2006 126
(Bufonidae) horcas) millipeds
stceams, marshes, lake shorcs. potholes.
wel meadows, and marshes, (o bigh
elevation ponds, fens

Montana Species Rankimg Codes: Montana employs a standardized ranking sysiem 1o denole global (G - range-wide) and state stafus (5) (NarureServe 2003). Species are assigned numentc ranks ranging from | {cntically imperiled) 1o § (demonstrably securc), reflecting the relative

degree 10 which they are “ai-nisk”, Rank definutions arc given below A number of factors are considered n assigning ranks - (he number, size and

GI Sl

of known "

At high risk hecause of extremely limuled and potentiatly dochnimg numbers, extent andror habitat, making 1t lughly vulnerabie o global eaturcion or exlupation 1 the state

G282

At nisk because of very imited and poteniially declimung numbers, extent and/or habitat, making i1 vulaerable to giobal extinction or extirpation in the slate

Gis3

Potenhally at risk because of limuted and potentially declining pumbers, extent and/or habitat. even though il may be abundant in some areas.

G454

or

Uncommon but not rare (slthough it may be rare in parts of us range), and usuaily widespread Apparently not vulncrable 1n most of 1is range, but possibly cause for long-term concern

GS 8§

Common, widespread, and abundant (although it may be rare in parts of its range) Not vulnerable in most of its range.

trends (1f known), habital sensitvity, and hreat.
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Attachment A-2. Bird Species Occuring within the Libby OU3 Site
Page 2 of 32
Observations in
Habitat Group Lincoln, Co.,
=
]
g 5
- - =l 2
Common Name Feeding -E H x| E 2 gl E
. . . . . - P 5 2 a | =2
(Genus/species) Foraging | Nesting General Habitat Description Guild Food Migration | Longevity Size Home Range 2z |lol= 2|z
Amencan Bmfrr? Reparian Riparian Freshwater wel.lands wu.h tall, emergent vegetation. Sparsely vegetated Aquatic Mainly insects, amphibians, crayfish and smalt fish Migratory NA 706 g NA G4 | saB f1991] 2006 | 3
(Botaurus leniiginosus ) wetlands occasionally, tidal marshes rarely. Invertivore  |and mammals.
- . Grains, grasses, and agricultural crops on land;
"mm::'_';‘:a?’” Fulica Npianan  [Riparian  [Marshy borders of ponds Herbivore  |however, 1t generally forages in or under water, Migratory NA 724g  [NA Gs | ssB[1991] 2006 [ 9
“ where it is almost exclusively an herbivore
One of the most widespread of North American birds Found m a wide variet] Wide variety of invertebrates (terrestrial and
American Crow (Corvus of habitats, particutarly 1n open landscapes, with scattered trees and small intertidal marine), amphibians; reptiles; small birds < ring-summer home range
brua‘h\'rj’n'm‘hos) Scavenger  INA woodlots. Uses both natural habitats and those created by humans (logged, {Omnivore  |and mammals; birds' eggs, nestlings and fledglings;| Migratory NA 316-575 g aScraged 2.6 sq ki & G5 | S5B |1992f 2006 | 40
o areas, agricultural fields, cities, and villages). Generally avoids large areas o grain crops ; seeds and fruits; carrion; and discarded L 054
forest human food
reported defense of up to 320
Prefers fast-moving, clear streams along with waterfalls. Species prefers meters of streain in breeding
American Dipper - . sand, pebble, or rocky stream bottoms, which provide sufticient aquatic Aquatic - seasnn,.and from 46-820
. Riparian Riparian |, X aquatic invertebrates, insects, and insect larvae. Ocd Non-Migratory NA 6g meters in nonbreeding season. | G5 | S5 |1991 2005 | 20
(Cinclus mexicanus ) invertebrates. Shorehnes with large boulders, fallen trees, and rubble provide|Invertivore
ood shelter and protection from predators. Year-round density wes 1.3 to
8 P : 2.9 birds per kilometer of
stream.
Widely distributed in temperate North Amenica. Common in weedy fields, Feeds on seeds (e.g . birches, alders, conifers,
American Goldfinch Arboreal/Shr river flood plains, early second growth forest, and also cultivated lands, thistles, goldenrod, etc.); eats some bernes and
. - NA y . . Gi no Mgrat NA 13 INA 5 1 SSB (1991 1998 ¢ 15
(Carduelis tristis ) ub/Ground roadsides, orchards and gardens. in shaded locations under canopy of leaves TAIMVOT®  Hnsects. Small seeds of various trees. [nsects only a. gratory g G5 | Ss8
or dense cluster of needles. encountered.
A 1 51
found 1n nearly all habitats in Montana. Nests are often located in cavities in verage temtory size was
™ . . 109.4 ha and 129.6 ha in two
trees, banks, chffs, and gs. They also use le nest boxes. They During the summer. kestrels feed heavily on large
American Kestrel (Fulco Arboreal/Cl|usually hunt in open habitat. Kestrels often perch on overhead wires or posts 1nsects such as grasshoppers. Other prey includes westem U.S. studies (Cade
Ground oo X X X R . Camnivore X . . Migratory NA 160 1982); home range diameter | G5 | SSB [ 1991 2006 | 49
sparverius) iffs/Cavity |while laoking fur prey, or hover in midair. [n Bozeman area, summer birds small birds, rodents, and snakes. During winter the: .
. X . during the brecding season
are concentrated in the valley, but some birds are found far up mountain feed pnmarily on smail birds and rodents.
canyons; wintering birds tend to frequent irrigated areas ranged from about 0.5 to 2.4
: kin in different region:
mainty of insects. In late summer months, small
:an Redst . decid dl A . . 5 " .
Amencan cds. B_n Arboreal Shrub prefers second growth, deciduous woodlands us\fally mear water. Often founy Invertivore  |bervies and fruits. Eats mostly forest tree insects, Migratory NA S9¢ Less than 2 ha G5 [ SsB 11991} 2008 | 38
(Sefophugu ruticitla ) in shrubby areas, along with alder and willow thickets . L
also spiders and some fruits and seeds
TGSt WidEsT NGTTR American AT, Frequents Torest, AnC Termtory sizes average 3.65
. 3 marily wh - . . . 5 .65
American ?{uhm Ground Arboreal/Sh gnrdens. breed?ng primarily where lawns and c.nher short-grass areas are Invertivore Ears.wonns, insects, and other invertcbrates (most] Migrarory NA 77 acres in Douglas fir forests in | G5 | 558 |1991] 2006 | 828
( Turdus migratorius ) rub {interspersed with shrubs and trees, such as residential areas, towns, fobtained on ground), and small fruus
ed ol western Montana.
breeding density hit 13.5 birds
per 100 acres in lodgepole pine]
. Nesting habitat includes coniferous forests (with spruce, larch, or fir trees), o during a pine beetle epidemic,
American Three-locd Dead tree - |logged d swamps. A cavity nest is dug by both d is placed rabably due to the ability of
Woodpecker ("icoides  |Arboreal ac free - |logged areas and swaimps- Y 8 Dy DO Sexes and 1s placed [y, ertivore  |larvae of bark beetles. Also, ree sap and insects. NA NA NA Pr ¥ e 10 the bt |ty? G5 [S3584]1992] 2005 | 57
dorsalis ) Cavity 1.5 to 15 meters (5 to 50 feet) high in a stump or other dead or dying trees, birds to nest in lodgepole pine.
often near water. In Oregon, home ranges for 3
radioed individuals were 751,
351.and 131 acres.
Durning winter and migration almost entirely
vegetarian - stems and leafy parts of acquatic plants|
American Wigeon Breeds near shallow, freshwater wetlands: sloughs, ponds, small lakes, teafy parts of upland grasses and leafy parts and
(Amas ame”_j"“) Ripanan Riparian marshes, and rivers. For nesting prefers areas with upland cover of seeds of various agncultural crops. During breeding)  Migratory NA 792g NA G5 | S58[1986] 2005 | 5
. brush/grass vegetation in the vicinity of lakes or imarshy sloughs. season there is a shift toward a greater proportion o
seeds and fruits and a substgantial shift toward morq
foods - insects, mollusks and cr
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Attachment A-2. Bird Species Occuring within the Libby OU3 Site
Page 3 of 32
Observations in
Habitat Group Lincala, Co..
— O s ]
a2
o -
= | % |z HEE
Common Name Feeding 2 21%(ggleE
{Genus/species) Foraging | Nesting General Habitat Description Guild Food Migration | Longevity Size Home Range ] & al3|=& 2
Riparian and lacustrine habitats (forested areas along rivers and lakes), Defended territories are 11-45
especially during the breeding season. Important year-round habitat includes hectares and average 23 ha and|
wetlands, major water bodies, spring spawning streams, ungulate winter The majority of diet is compnsed of fish. Important territory radius around active
Bald Eap. X . 5. i i f ' a . C i 2 X . Feedi
ald Eagle (Haliaeetus Riparian Arboreal  |T78€S and open water areas. Nesm?g sites are generally located wuhu.| large] Piscivore prey for Bald Eagles are walert.'owl espeu.ally in the Non Migratory Furst breeds s244p nests averaged 0.6 km. Feeding Gs | s3 [i983] 2005 | 325
leucocephalus ) forested areas near large lakes and rivers where nests are usually built in the winter, salmomds, suckers, whitefish, carrion and n5-6 yr home ranges 7 square
tallest, oldest, large diameter trees. Nesting site selection is dependent upon small mammals and birds kil breeding home
maximuin local food availability and mini disturt from human ranges averaged 21.6 square
activity kilometers
Breeds pnimarily in lowland areas along ocean coasts, rivers, streams, lakes. . . .
. . Takes flying or jumping mnsects almost exclusively
Bank Swallow (Ripar reservoirs, and wetlands. Nesting colonies also found 1n aruficial sites such 4 Aquati the wing, Occasionally eats terrestral and Most f fights within
L Riparia Ruparian Ground sand and gravel quarties and road cuts. Most rivers and streams with nesting quatic on the wing, Occasionally ' an Migratory 1-2yr 15g 0t [Oraging Hghls w G5 | $5B[1993] 1999 | &8
riparia) . . . . Invertivore  |aquatic msects or larvae. Rare consumption of 0.8 kitometers of colony
habitats are low-gradient, meandering waterways with eroding streamside .
vegetable matter appears to be accidental.
banks.
Originally nesting primarily in caves, it has almost completely converted to rF]ying insects. Flies over open land and water and
Bam Swallow (/firundo breeding under the eves of or inside artificial structures such as buildings and Aerial forages on insects; forages nearer to the ground thar| Usually forages within a few
rustica) ! Aenal Buildings |bridges. Presently found in various habitats, including agricultural areas. Invertivore other swallows (usually not greater than 10 meters Migratory NA 17-20 g |hundred meters of nest when | GS | S5B [1991] 2005 | 14
cities, suburbs, and along highways. Breeding habitat usually contains open and often less than { meter above the ground) Feed: breeding.
areas (fields and meadows) for foraging, a nest site that includes a vertical o opportunistically on a wide variety of flying insects
Restricted to forested areas, ranging from swamps and ripanan areas to | Home range usually 1s less thai]
N ¥ An opportunistic predator, consuming small mammals and
Bared Owl - (Sirux Camivore  |NA upland regions. Large, unfragmented blocks of forests preferred. Throughoutl ., oo |iuthiry bucs up o the e of grouse, amphibians,repules, and. | Non-Mugratory | NA go1g [|l00habutuproTedha)over | oo f oo ga0l 2004 ) 13
varia) its range, found in association with mature and old growth forests, typically {invertebeates 2-7 months, average 273
vt mixed deciduous-coniferous compositio hectares
Chiefly a bird of the western montane region of North America. This species|
Barrow’s Goldeneye 15 generally restricted to areas west of the Continental Divide. Preters alkalin Aquatic Aquatic invertebrates (insects. mollusks,
) y Riparian NA to freshwater lakes in parkland areas: to lesser extent, subalpine and alpine N crustaceans) and fish eggs. Seeds and tubers providd Non Migratory NA 1090 g |NA G5 | S5B|1987] 1995 | &
(Bucephala islandica ) . Invertivore . .
lakes, beaver ponds, and small sloughs. [n summer usually found in small, a small fraction of the diet
scattered groups. In winter often seen in large flocks.
Inhabuts streums. rivers, ponds, lakes, and estuaries or calm marine waters in
. which prey ate clearly visible. Availability of suitable nesting sites - earthen Chiefly fish. Also mollusks. crustaceans, insects,
Belted Kingfi: . - . . g Regularly fc to 8k
clied Kingfisher Riparian Riparian banks where nesting burrows can be excavated - appears critical for the Piscivore amphibians, reptiles, young birds, small marrunals, Migratory NA 148 g .egu arly forages up 1o S km G5 { S5B [1991] 2006 | 15
(Megaceryle ulcvon) Burrow o . X N . from the nest
- - distribution and local abundance of this species. Prefers to excavate a nestin, even berries,
burrow near its fishing territory. Needs clear stitl waters for fishmg.
Bulk of the diet 1s wood-bonng beetle larvae
(includi h spp. and Engl Spruc
beetle, Dendroctonus englamanni}, but they also
Early successional, bumed forest of mixed conifer, lodgepole pine, Douglas- feed on o[he.r insects (€. » weevi s .beel[es, spiders
Black-backed fir. and -e-fir (Hutto 1995a, 1995b), although th numerous in ants). Occasionally they will eat fruits, nuts, sap,
Woodpecker (Picoides |Atboreal  |Arboreal [ &1 SPruee - 7 7750), @l 10ugh they are more OUS I, vertivore  |and cambium. obtam food by flaking bark from | Non Migratory | NA 72g (178,307, and 810 acres Gs | s2 fies7| 2005 37
. lower elevation Douglas-fir and pine forest habitats than in higher clevanon .
arcticus b N N 5 trees (usually dead conifers) and logs, sometimes b
subalpine spruce forest habitats o - P
picking gleaning. They feed primarily on logs and
low on large-diameter tree trunks (more than 7.5
c diameter at breast height; but most often
15-25 centimeter dbh}
Historically, it frequently followed Native Americans and lived on the refuse,
of their hunts. In breeding season will be found in thickets i riparian areas,
often d with open dows, lands, or brush for foraging.
Black-billed Magpie N Less specific n its habitat requi in nonbreeding season, Frequently . )
( . = - ] g ds, seeds, NA 189 NA 9 9
(Pica hudsonta) Jround Arboreal numerous near human habitats such as livestack feedlots, barnyards, landfilly Omnivore  |Ground-dwelling arthropods, sceds. and carrion Non Migratory g GS | 85 119931 1998 ] 12
sewage lagoons, and grain elevators. Nests are durable, domed structures of
sticks, with mud cup and anchor. Generally prefers high trees. Have been
know to nest on utihity poles.
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Common Name Feeding -él 4 .E § ‘g g g
{Genus/specles) Foraging | Nesting General Habitat Description Guild Food Migration | Longevity Size Home Range el 231 i z
D.cciduou.s and mixed d:ciduouf/coniferous w’rz(?d]ar:d.Jopm woods and park Eats mainly insects and other small invertebrates.
Black-capped Chickadee [Arboreal/ Arboreal willow thickets, and o groves. Also areas such as old and their eggs and immature stages, and seeds and Territory size averaged about 8
<app . . fields or suburban areas. Generally more common near edges of wooded Invertivore . B8 and BeS, Non Migratory NA Ilg Ty Stz 8 G5 | S5 [1992] 2006 | 316
(Poecrle arricapillus ) Shrubs Cavity . N . . . fruits; forages mainly on woody rwigs, branches, 9 ha
areas. Nests in cavities. Natural sites typically in trees, especially dead snags
. g and stems
or rotten branch: old dpecker holes or even in bird boxes.
In the arid westem portion of range, nests in environments that often include
Black-chmned Shrub/Groun c d, sy . willow, salt-cedar, sugar-berry, and oak. In most Main foods taken include nectar from flowers; small
Huminingbird Riparian  [regions, its preferred habutat is a canyon or flood-plain nparian community. {Nectarivore |insects and spiders; sugar water from feeders Migratory NA 4 NA GS | S4B [1993] 2006 | 19
(Archilochus alexandri’) Nests typically in riparian habitats. Nest is a cup shape, primarily composed provided by humans
of plant down.
Occupies diverse habrats. Contonwood/willow groves and other riparian
habitats in desert and dry grassland: openings in mature pine forest; aspen
Black-headed Grosbeak groves; deciduous growth especially in mountain valleys/canyons; pinyon- Insects and spiders; cultivated fruit, wild fruit, weed|
(Pheucticus Arboreal Arboreal  |yuniper woodlands; oak savanna; gardens; orchards. Relatively tolerant of  |Omnivore seeds, and grains. Doring breeding season, gleans Migratory NA 47g NA G5 [ S5B 11993 2002 | 38
melanocephalus) human disturbance. Nests widely reported to be so thinly constructed that nsects high in trees and in understory.
eggs can be seen through bottom. Nests are generally well concealed among
foliage of branches.
Primarily inhabits deciduous, coniferous, and mixed forests and woodlands.
u ‘anoci d N y rth c th ts, soft frut: ds .
Blue Juy - (Cyamocitta Ground Arboreal  |Common in towns and residential areas, especially those having large oaks 0§ Ommivore Arthropods, acorns and other nuts, so 1S seeds Migratory NA 87g NA G5 | SSN|1988] 2002 5
cristata ) small vertebrates.
other mast-producing trees.
. . . . . i ic inverilbrates, seeds,
Blue-winged Teal (4nas Main habitat consists of shallow ponds with adequate supplies of aquatic Erele;o‘;l:elsl.:z::;ual:]cml?c\clr;::;l;a jziﬁ:e:ds alpae
3 & Ripanan Riparian mnvertibrates. Prefers to nest in grass or herbaceous vegetation and rarely use§Omnivore & P .aq . P o 28 Migratory NA 409 g NA G5 | S5B [1992} 1998 | 6
discors ) brush i v and occasional grains from agricultural crops.
3Ty nesting cover. Animal matter dominates diet of laying females.
. . Preters open conift or mixed and decid) Jorests. Often N . . .
Bohe"““f‘ axwing Arboreal Arboreal  |found tn recently bumed areas or near lakes and streams, beaver ponds, and I-rugn{orc, Sugary fruits .and insects. During spring, also tree Migratory NA S6g NA G5 SHB 1920| 1993 | 4
(Bombycilla garrulus } Invertivore  |sap and budding flowers. SSN
swamEs.
boreal coniferous and mixed forests, muskeg bogs, in the vicinity of white
Boreal Chickadee cedar and hemlock swamps, birches and streamside willows. The species comufer and birch seeds, and the eggs, larval stages.
(Poccite hudsonica) Arboreal Arboreal  |nests in natural cavities or abandoned woodpecker holes, or in a cavity dug b{Omnivore  [and aduits of insects. It forages mainly on twigs and] Non-Migratory NA g NA GS |S152§1994] 2005} 13
v - . L
a pair in a rotten tree stub, usually within | meter of the ground (but up 10 3.4 branches of trees.
mj.
High elevation spruce/tir forest, with lodgepole pine somelimes present.
Mature spruce/fir forests with multilayered canopies and a highly complex
I?urcal Owl (degolias Camivore Arboreal strucjmr:. at clevanovs greater than | 500m with a mosaic of openings or Camivore Predominately small mammals. with a few birds an Non-Migratory NA 167 ¢ NA Gs | sa |1986| 1996 | 35
unereus ) . TOOS! at sites d th hout their home range, rarely in the nsecls
same stand on consecutive nights or the same tree more than 2X per year.
Roost alone, usually far from their nest and mate
During breeding season. diet consists of insects and
Brewer's Blackbird Open, human-modified habitats such as residential lawns, golf courses, other invertebrates, along with grains and weed
( Euphagus Ground NA cemeteries, mowed urban parks and campus areas. Also found in large ‘Omnivore seeds. During migration and winter, diet consists of | Migratory NA 67g NA G5 | S5B{1991] 2006 | 11
cvanocephalus) clearcut forests and plowed fields primarily vegetanan such as waste grains, weed and]
grass seeds.
Lnlf succesflonul swge§ of comtemus.torcsts and mixed coniferous- Forages primarily on trunks of live trees. In winter
deciduous forest. Especially common in unlogged. old-growth stands. The . 3
B c . fact 10 be th d for | ; d dead trees) main foods taken mclude a variety of msects and Term S 2310
rown {reeper Atborcal  [Arboreal |COMSIStent factor appears o be the need for large (rees and snags (dead wees) |y o yore  Niarvae, spiders and their eggs, ants, and Altitudinal NA 8g ories ranged from 2510 [ s | s4 [1992] 2004 | 225
(Certhia americana ) for foraging and nesting microsites. Breeding season is the same as winter, L 6.4 ha
. N o pseudeoscorpions; a small amount of seeds and
but possible no vegetable matter is eaten. Nest built in 2 parts, base and nest
. . other vegetable matter.
cup, behind a piece of peeling bark.
Areas with low or scattered trees among grassland vegetationf woodland adult male is
. edges, brushy thickets, prairies, fields, pastures, orchards, or even residential
B -headed bird Brood ' . . 39-578g, ~
rown-headed Cowbin Ground rood areas. Species 1s a brood parasite; nests are chosen by females, but are that ofo Mainly of anthropods and seeds. Migratory NA N 5 Na G5 | S5B [1992} 2006 | 102
(Molothrus ater ) parasite . . . . female is
another species. Care given to cowbird eggs and young 1s provided by the ho smaller
and retlects characteristics of that species.
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conifer plantations, and suburban gardens also popular.

maintain positwe energy balance when feeding
solely on high-sucrose fruits.
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Common Name Feeding = = & .g g E £
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Freshwater, pennanent ponds with no outlet or only seasonal outflow, and . . . .
Buftlehead (Bucephala Riparian Riparian  [smail lakes. Large lakes are avoided except by molung flocks. habit of nesti Aquanc Main foods taken are aquatic invertebrates (insccts, Migratory NA 473g  [NA G5 | S5B [1995] 2006 | 5
albeola ) y N . invertivote  lcrustaceans, mollusks). Will take some seeds.
in the holes of the Northem Fhicker. Will also nest in boxes.
Bullock's Oriol :;::I:ZZZ“ woo:r:gd ‘""’5& esf"f:‘:’“.v[)"l’_ﬂ“an (aven :(rvo;]ﬂar!ds \;lnh ]la.rg Mostly insects, especially butterfly and moth larvae Females foraged regularty
9 { . . .
viloch's Lnole. Arboreal Arboreal | ° WOOUS, Sycamores, and willows. Lunng spring and fall migralion WIS 1y o iore  land pupae, grasshoppers and crickets, beetles and Migratory NA J4g more than 200 meters from GS | S5B|1993] 2004 | 2
(Icterus bullockii'}y found in a variety of open woodland and urban parklands and tall shrubland. X R
. other insects. nest, and up to | kilometer
Nests are typically pensile, often suspended from a few thin branches.
Breeding pairs in MT foraged
. r17.4 ki
California Gull (Larus Prefers larger lakes, but also occurs on ponds and nvers, especially m spring Aquaric Insects, oligoch and :‘:‘:::Iauﬁzl km) ﬁer
a (L Ruparian Riparian  |and fall. Nests vaned in shape from depressions in the ground to constructed quan birds, and plant matenal believed to be ingested Migratory NA 609 g ! G5 | S5B[1991] 1995] 3
californicus ) - Invertivore |, . . . colony. At another colony,
mounds; they were located 2 to 75 feet apart incidentally to consuming animals .
maximum foraging distance
was 32 km
Mountains; along meadows, canyons and streams. Open montane forest,
i , and willow and alder thickets, gardens; in migration an
winter also in chaparral, lowland brushy areas, deserts. Nests in tree
Calhope Hummingbird (frequently conifer) at edge of meadow or in canyon or ihicket along stream. | Aerial Floral neciar and small insects. Like other -
Aenial Arbe | N s . . . . Mugrat 3 NA G5 | SSB[1991] 2004 | 40
(Stellula calliope ) era TOOCAL INests <1-21 m above ground (usually low, with branch or foliage above).  |Invertivore  |hummingbirds, it forages aenally for small insects. gratory Na &
Nectar supply unimportant in Jocation of male's breeding territory In
Bozeman area occurs on thickety hillsides and in forest openings to moderatg
|elevations in the mountains.
Various habitats near water. from temperate regions to tundra. In migration .
- Grazes on marsh grasses, sprouts of winter wheat Begin
and winter, coastal and freshwater marshes, lakes, nvers, fields, etc. Breeds i . R R . g X
Canada Goose (Brania open or forested areas near lakes, ponds, large streams, inland and coastal (spring). gram (fall); eats clover, cauails, bulrushes, breeding at 2
_ Ground Ruparian . g : y Herbivore  Jalgae, pond- weed, and other plants. Feeds in Migratory | years, most| 474lg |NA G5 | S5B |1991] 2006 | 33
canudensis ) marshes. The nest 1s built on the ground or on an elevated place (muskrat N
y e . |shallows. marshes, fields. Also eats mollusks and by age 3
house, abandoned heron's nest, rocky clitls. etc.). Usually retums to nesting
X . small crustaceans years,
territory used in previous year.
Breeds in small lakes, deep-water marshes, sheltered bays of large fresh watq
and alkali lakes, permanent and semi permanent ponds, sloughs, potholes, an Foods vary depending upon availability. During
Canvasback (4vrhya . . shallow river impoundments. In aspen parklands and mixed-grass prairie, . winter and migranon, mainly plants (winter buds, .
Adl) . ’ Gs [ Ss 2
valisineria) Riparian Riparian prefers wetlands bordered by dense emergent vegetation. in bareal forest, Omnivore rhizomes, and tubers or aquatic plants. When plant Migratory NA 1248g  [NA ss8
utilizes open marshes. Nest is a large bulky structure. May be overtopped b; food 1s limited, may take small clams and snails.
vegetation and may have one or more weil-iaintained ramps.
. |Limited to chffs, steep-sided canyons, rocky outcrops, and boulder piles,
Canyon Wre: Ground/Clit usually in anid regions. Inhabits the same territori d. Al Uses 1ts long. decurved bill and flattened head to
anyon Wren Ground ts and Rock Y In and reglons. nablls © lerntories year-round. A'so Invertivore s fong. decurved bill and flariened e Non-Migratory|  NA 9g A Gs | s4 ligos| 1995 ] 2
(Cutherpes mexicanus) Outcops {sometimes found in towns, around houses and bamns. on old stone buildings. probe for spiders and insects in rock crevices
P Nests un canyon walls: may also nest around human-built structures.
Prefers open coniferous forests of interior western mountains along with .
Cassin's Finch mature forests of lodgepole pine. Nests in conifer, 3-25 m above ground, on Consists of mostly vegetable mater, particularly Breeds at 1-
- . Arboreal Arboreal X Bepoe pine. 3 CT Bround. 0Nl 4o tbivore  [buds, seeds, berries and other fruits, along with Migratory 27g NA G5 | S5 [1990] 2004 | 155
(Carpoducus cassinii ) outer end of limb: may sometimes nest in deciduous tree of 1n shrub, May some insects 2yr
Teturn to same nesting area in successive years, though this may be unusual )
. . . Diet consists almost exciusively of arthropods,
. . o _ ST
Cassin's Vireo (Vireo |y NA Prefer dry, open forests. Occupies - mixed Omnivore  [spring through autumn. Winter diets consists of NA NA NA  |NA G5 | 548 |1994| 2005 | 733
cassinii v and deciduous forests in mountains and foothills, .
fNeshy fruits.
Diet consists of fleshy fruits and insects. Feeds
isticall i
Cedar Waxwi Habuiats include decid - con and mixed flands&"cspecially Frugivore, sl:;une lso va:’i::ss:m“ :u;lsn "‘c:f:"g al’r‘r‘l‘a le
edar Waxwing Arboreal NA open forests and nparian areas of deserts and grasslands; farms, orchards, rugivore, T8 msects. May ume map Migratory NA 33g NA G5 | S5B1992( 2006 | 6l
(Bombycilla cedrarum) Invertivore  |iree sap and flower petals. Apparantly cannot
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Insects and arthropods make up approximately 65%
humid coastat and mterior forests from southeastern Alaska to southern of the diet. Seeds and ptant matenal make up the
Chestnut-backed California. Year-round resident throughout its range. Occurs within the cest. Cats mainly wsects gleaned from twigs,
Chickadee (Poecile Arboreal Arboreal  [densest coniferous forests, or along edges, where temperature is even and Inveruvore  |b hes, and trunks of trees and shrubs; in the Non-Migratory NA 10g NA G5 | S4 [1991f 2005 | 119
rufescens) thete is considerable shade. Nests in tree cavities and readily colonizes breeding season, forages often on outer foliage
available nest boxes. (needles, leaves, or buds): also eats spiders. some
fruit, conifer seeds
Nesting in shrubby habitat close to the ground, sometimes deciduous trees. In Eats primarily the larvae and some adults of
Chestut-sided Warbler new, second-growth thickets of alder and other deciduous bushes growing in Lepidoptera and Diplera, some spiders, and sume
2 v
. scrubby clearings and brushy areas or along the margins of streams, in . seeds and fruit as well . Usually forages alone. .
dend) Arb Shi e ' G5 972} 1993
‘i::;l:::iua) oreal rub orchards, pasturelands, forest edges, cut-over forests, roadsides, in open Invertivore Gleans the undersurfaces of leaves at the low to Migratory NA 10g NA Snall 2
IV I . . . . .
e [deciduous wuodlands and in powerline corndors. Becomes most common in fmedium levels in shrubs and the lower branches of
deciduous second growth or large forest clearings. Avords deep woods. small trees. but may feed n the upper canopy
Prefers open woodlands, the borders of natural forest openings, edges o Feeds primarily on seeds of grasses and various
rivers and lakes, and brushy, weedy fields. It has a preference for nesting in annuslpp]anls i);ﬂ'requent]y sEpplcmenring this ‘dm
Chipping Sparrow open glades of coniferous forests, and for foraging in brushy open areas . . . R . Territory sizes of 1.1to 1.8
Gi Al . E 3 sects ¢ 5 | S5 89| 201
(Spizella passerina ) round rboreal making it suited to human-modified habitats. Nests in a wide vanety of tree; Herbivore :‘LT:;:'::‘][:;“::;::?:::“Eh::‘:n(l"h::m res on lh4 Migratory NA NA acres G5 55819 06| 969
and shrubs; has a distinct preference for comfers. Nest 1s a loosely woven K NE- v forag
cu ground, but also in fohage.
Seeds and aquatic vegetation, aquatic and semi-
Cinnamon Teal (4 Prefers wetlands including large marsh systems, natural basins, reservoirs, :Tfmalhl:i:?:;:nla[llst T::f:p]a‘fk“’"-f::ss"
innamon Teal ¢inas o o an Ripanian  [sluggish streams, ditches, and stock ponds. Weil-developed basins with Omnivore  {duanep Shafiow feas; especially on | Migratory NA 408g [NA G5 | ssBfi991] 1993 3
cyanopiera) emergent vegitation comimon habitat rush seeds, pondweed seeds and leaves, and salt
8! } grass seeds. Also cats small amounts of animal food|
especially insects and mollusks
Foraging 0.8 to 2.4 kin from
hy
Clark's Nuterack Found in close association with ponderosa pine, Douglas fir, and white-bark Fresh and stored pine seeds. Also eats insects, ?;:;:;“T? k:-]nn:: Znai?::r)
N‘ i# er ;' e;,_ ) Arboreal Arboreal  |pine. Usually nests at elevations between (800 and 2500 m. Nests on outer [Graimivore  |acoms, berries, snails, cartion; sometimes eats eggs | Non Migratory NA 141 g Year ruu(m‘.l }.mme ranges are | G5 | S5 [1991] 2005 | 130
Cifre ¥ (21 L -
(Nucifruga columbiana end of branch of a conifer, 2-45 m above ground. and young of small birds. s .
much farger: 15,000 ha in
areas of good food
Feeds on a wule vaniety of seeds; during the summe
Ctay-colored Sparrow Prefers open shrubland, thickets along edges of waterways. second-growth eats insects. Forages on or near the ground. When . Nesting territories about 0.1 to
G d NA . N I{ N G5 | S4B [1995] 2004 | 24
(Spizellu pallida ) rount areas, and forest edges and burns Omnivore {breeding. feeds in area separate from nesting Migratory NA A 0.5 ha and 0.04-0.1 ha.
territory
Clift Swallow Open to semiwooded habitat, cliffs, canyons, farms; near meadows, marshesy . e . .
3 s s ‘ts 2 3 1l .
(Petrochelidon Acrial Cliffs/Eavesand water. Builds bottle shaped mud nest in colonies on chiffs, eaves of {\ennl. ;‘;I:j ‘lgz:‘us dl. a]‘] times of the year. [nsects taken Migratory NA 22g E?Lﬁ:usua y within 0.5 km G5 | S5B|1992] 2005 [ 13
|pyvrrhonota |buildings, under bridges, etc. Prefers sites with overhang. e . Y
During breeding season, primarly insectivorous an
Common Galdeneye . . - Aquatic prefers lakes (uften fishless) with abundant aquatic
Rip R ¢ B 1 N G5 | S5 [1977] 2006 | 10
(Bucephala clangula ) ipanan tpanan reeding birds usually are found in forested wetland habitats Invertivore  |invertebrates. Fish, crustaceans, and mollusks Migratory NA 1000 g A 9
become a more imponant pan of the diet in winter.
. . . Eats primarily small fish, but will also eat insects, Breeds at
C;;L"‘"‘""("m":”g"m‘“"] Riparian  |Riparian (;i:' on large lokes and large rivers. During migration, mostbirds are on 1, oo | ollusks, crustaceans, worms, frogs, small Migratory | endof2nd [ 1709g [NA G5 | ssB f1977| 2000 | 21
(Mergus menganser i mamemals, birds, and plants yr
Common Nighthawk Coustal sand dunes and beaches, woodland clearings, prairies and plains, and
C,'w_ oo ) Aerial NA flat gravel rooftops of city buildings. During times of migration, habitat  [Invertivore  |Diet consists solely of tlying insects Migratory NA 64 [NA Gs [ 5B {1992| 2006 | 39
( ¢ nor includes farmiands, river valleys, marshes, and coastal dunes.
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Common Name Feeding .g" 28| E
. ’ N : . . - 3
{Genus/species) Foraging Nesting General Habitat Description Guild Food Migration | Longevity Size Home Range Q|= E Z
Broad range of habitats: boreal, conifer, and deciduous forests; tundra; . - .
. . . Diverse diet includes arthropods (even scorpions), . .
Common Raven praines and grasslands; isolated settlements, towns, and cines; deserts; sea mphibians, reptiles, birds (adults, chicks, and Home range size of breeding
N Ground NA coasts and islands; agncultural fields; Arctic ice floes; and the highest Omnivore " A " g Non Migratory NA 689-1,625 g. |birds reported at 0.2-4.4,6.6, | G5 | S5 [1991] 2006 | 592
(Corvus corax) X . X A eggs), small mammals, cammon, grams, buds, and
mountains. It is one of the most widespread naturally occurring birds in the beres, 9.4 and 40 5 sq km.
world. )
Open subarctic, largely comlerous forest and scrub, on dry, rocky, or damp
substrates; leve! or steeply sloped; avoids dense forest; occurs on fundra and
Common Redpoll above timberline only where shrubby deciduous and sometimes coniferous Gramivore Very small seeds and other plant material nove up to 20 km while
- ; P Ground/Trees[Arboreal  [vegetation occurs in hollows and sheltered places. Nests are built on louse ' [throughout the year. Also arthropods, particularly il Migratory NA 13g . P G5 [ S5N|[1990] 19%0] 3
(Cardueits flammea) . 5 ) N . [nvertivore 3 foraging
foundation of smail twigs laid across adjacent branches out from trunk of summer when feeding young
small spruce or 1n crotch of alder or willow. Forages in trees or on the
ground.
Occupies thick vegetation in wide range of habitats from wetlands to prame
) to pine forest. Nests just above ground or over water, in weeds, reeds. - . . .
(?mmon Yellowlhma( Ground Ground cattails, tules, grass tussocks, brier bushes, and similar situations; oftenat  fInvertivore Eats various small inveriebrates obuained among Migratory NA 10g NA G5 | S5B [1992] 2006 37
(Geothls pis trichas ) . . ) low plants
. base of shrub or sapling, sometines higher in weeds or shrubs up to about 1
1.
N . . . Small to medium-sized birds comprise most of the
st 4
Cooper's Hawk NA Arboreal | 1Vet i dense deciduous und coniferous forest cover. often in draws or Camivore  |dhet of Cooper's hawks, although they also eat smalil ~ Migratory NA 529g 3.2 km from nest Gs | saB 1991 2005 | 11
{ Accipiter cooperii) ripanian areas. They hunt in these areas or in adjacent open country nammals
—|mammals
Coolness, shade. and nest sites” are requisites, and this species, from Alberta
dall lycatch . Mexico, "invariably associ: i i
Cor leran Hlyeatcher Aerial/ Groundagbf0 " Vexico. invaniadly nssocmmf with water courses. and thus CORETIngS. 1 . Feeds almost exclusively on insects caught in the ai
(Empidonax the timber. Has been know to nest in rocky outcroppings near water, in [nvertivore . N Migratory NA NA NA G5 | S5 |1993] 2004 | 22
N Arboreal oreal BN or gleaned from foliage of trees and shrubs.
loccidentalis ) natural nest cavities in live trees (quaking aspen, Douglas fir), tree stumps,
and about mountain cabins.
Occurs across the continent from northern Alaska south to northem Mexico.
[Conspicuous ground-foraging flocks are often found 1n suburbs (especially a
Dark-eyed Junco (unco Giround. feeders), at edges of parks and similar landscaped areas, around fanins, and Seeds and arthropods, occasionally fruit and waste Territory sives form of 1.7 to
h 'emul);\ ) ““IGround Cavi along rural roadstdes and stream edges. Most often in small cavity on slopinfOmnivore grain in agriculftural fields. Most food obtained from]  Migratory NA 2g 26 acrry i ott. G5 | S5B [1991] 2006 1977
g ) wy bank or rack face, under protruding rock, among roots (especially on vertical ground and leaf litter : hd
surface of root ball of large trees topple by wind). and in sloping road cut
(especially if overhung by grass or other vegetation).
Occurs across the continent from northern Alaska south to northem Mexico.
Conspicuous ground-foraging flocks are often found in suburbs (especially a
Dark-eyed Junco Ground/R feeders), at edges of parks and similar landscaped areas. around farms, and Seeds and arthropods; occasionally fruit and waste GST
(Oregon) (Junco Ground WCavi o along rural roadsides and stream edges. Nest site highty vanable. Most often)Omnivore grain in agriculfural fields. Most fuod obtained from NA NA NA NA 5 SNR|[1994] 2000 | 11
hyvemalis oreganus ) avity in small cavity on sloping bank or rock face, under protruding rock, among ground and teaf litter
roots (especially on vertical surface of root ball of large trees topple by wind
and in sloping road cut {especially 1f overhung by grass or other vegetation)
Wy WOCGPEERET | Aboreal | Arboreal ! ictures in urban areas. Nests mostly in hole Qug by | mvertivore. 1y, ined from bark of trees; also eats berriesand | Non Migratory [ NA 278 INA G5 | 55 1i991f 2004 | 43
(Picoides pubescens ) both sexes in dead stub of tree, also in live tree (especially dead part), Frugivore nuls
{fenceposts; 1-15 m above ground.
Open conferous torest, mountain chaparral, aspen groves, streamside willow] , . - s .
Dusky Fiyeatcher [ ) Shrub thickets and brushy open areas. [n MT, Nests were  small bush crotches; | <721 aerial forager - a sit and wat predator. It eass flying [ oo\ NA 10g  [NA Gs | ssB [1993] 2005 | 316
(Empidonax oberholseri) e |insects, y pounces on prey on the ground|
the average nest height was § fee
. . . In winter they eat mainly comter needles. In surnime] . .
1 t C -
Dusky Grouse Ground NA Winter al. hugh elevations in comifer stands. In early spring, they descend to Omnivore  [shey ear a mixed diet of insects, green plants and Alitudinal NA 1188 g Brood movement in summer I8 s ss |1977f 2006 | 21
(Dendragapus vbscurus ) lower altitudes, where they prefer forest edges and opemings . L generally less than 0.5 mile
berries. The young eat mainly insects
. . Shallow lakes and ponds with vegetation and macro invertebrate communitief . large variety of aquatic prey, mainly invertebrates,
Eared Grebe (Podiveps | . - . - . JAquatic . . .
o Ripanan Riparian  |rarely on ponds with fish. They prefer saline habitats at all seasons, allowing X small crustations, insects, and less often small fish, Migratory NA 297g NA G5 | S5B [1993F 1995 | 4
nigricollts } y . . . Invertivore .
them to escape fish predators and have an abundant of invertebrates. mollusks, amphibians.
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{Genus/species) Foraging | Nesting General Habitat Description Guild Food Migration | Longevity Size Home Range = 2 & | o= & 2
- P . Lats manly insects obtained by flycatching from
East d ts g .
astern Kingbire Acrial NA Open environments atong forest edges and fields. Also orchards and scanercm\enal. perch; also eats seeds and small fruuts, and may picj  Migratory NA 40g NA Gs | ssai991| 2006 ] 13
(Tvrannus tyrannus ) shrubs and trees favorable. Invertivore .
food from ground or water surface
Lxotic species. Non-Native. Owing to their close association with man and
behavioral plasticity, starling inhabit a wide variety of areas if a few crucial . " . . . )
N : Lxtremely diverse diet that varies geographically,
needs are met. They forage in open country on short, mown, or grazed ficlds o
. . . . with the age of individuals, and with season.
European Startin Ground/Arh) abundantly available in urban as well as agricultural areas. These arcas also G lly will eat invertebrates when available
P |.g Ground provide the necessary food resources, nestng cavities, and water. Nests can |Omnivore ‘f‘"‘ Y . . . ravie, Non Migratory NA 85g NA G5 |SNA|1991] 2006 | 18
(Sturnius vulgaris ) oreal s 3 S fruits and berries, grains and certain seeds during
be found virtually anywhere a cavity can be found. Preferred sites include AR
L A ? . vther tines of the year. Most foraging time is spent
cavity-like openings in buildings, nest-boxes, cavities usurped from ) . .
T in open areas with short vegetation.
woodpeckers, and natural cavities in trees. Found occasionally without a
cavity in dense vegetation in trees or on the ground.
‘Common in mixed-conifer and spruce-fir forests, less common in pine-oak,
Evening Grosbeak pinon, Cascadian. ponderosa pine and aspen forests. Less closely tied to Invertebrates, especially spruce budworm and other
(Coccothraustes Arboreal Arboreal  |coniferous tree species than other cardueli Is0 uses di species fof O larvae; wide variety of small fruits and seeds, Migratory NA 60g NA G5 | S5 [i1992| 2003 | 154
vespertinus ) nesting and food. Nests pnmarity in trees but also in shrubs, 2 spare especially maples
structure, shaped like flanened saucer.
Associated with mature and old-growth xenc pond pine/Douglas-fi
d in land i itable forest forest .
Flamminuiated Owl  (Qrus :?3"1'50:‘m",‘n:l::r‘::“‘;‘“‘C}'I'OES’LZP;;"I:"T:’“:;fST't:Dl:w‘;':] ::: h:::?d Hunt at night and cat noctumal arthropods. Feeds
! " |Ground Arboreal . . (4 ) ¥ arc absen . Invertivore  {on various insects {c.g., moths, beetles, Migratory NA 47g Termitory size about 5.2 sq km | G4 | S3B |1992] 2005 | 32
flummeolus) pine forests and mesic ponderosa pine/Douglas-fir. Most often nests in an { hoppers. crickets, caterpillars:
ubandoned tree cavity made by Piteated Woodpecker . flicker. sapsucker or grasshoppers. crickets. P! '
other targe primary cavity nester, at heights from 1 to 16 meters
Forages on the ground for seeds (e.g., smartweed,
. d). Also eals berries (e.g., blueberries,
F f thick caver, usus brushy woodland edged . ragweect N
ox Spanu\f . Ground NA Areas of thick caver. usually around forest edges and brushy woodland edge Omnivore elderberries) grapes and other fruits. Diet consists Mugratory NA g NA G5 1S58 [1991} 20051 192
(Passerella iliaca) Also found m grown-up fields, cut-over woodiand, and scrubby woods. " ©
mainly of insects. Other food sources include seeds)
fruit and plant matter.
Gadwall (Anas Nest density was highest in saline lowlands, followed by dense nesting cover Mainly of submerged aquatic vegitation. seeds and
i nas R X . . .
stropera ) . Riparian Riparian panspots. and silty/ shallow clay. Nest success was highest m sahne lowland{Herbivore aquatic invertibrates. Migratory NA 990 g NA G5 | S5B [1995) 2006 | 4
pera then clay, panspots, silty sites and dense cover
Primanly jackrabbits, ground squirrels. and carrion Temntory size in several areas
Gol $ it . Al 1iffs and i i les), N 3 . .
olden Lagle (Aquila Camnivore / -r.boreaVCI Ncs.l oncliffs and in large trees (occasionally on power poles). and hunt over, Camivore (dead ammals). Tfjey occas:ona.lly prey on deer and Migratory NA 4,692 g |of the western U.S. averaged | G5 | S4 11997[ 2000 | 4
chrysaenos ) itfs prairie and open woodlands. antelope (mostly fawns), waterfowl, grouse, 57-142 5q km
weasels, skunks, and other animals. <54
Feeds primarily on insects and their eggs (e.g.. bark
- - N . . beetles, scale insects, aphids). Also drinks tree sap Terntory size in northern
lden- L th & fcl .
Golden-trowned Kinglet Arboreal Arboreal Nests m lorests with closed or open canopies, edges of cleanngs, or near Invertivore  |and eats some frutt and seeds (rare). Young are fed Mgratory NA 6g Minnesata was 2. 1-6.2 acres Gs | ss [1991] 2005 [ 18
(Regulus sarrapa) 'water . .
various insects and other small arthropods and (mean 4.1 acres)
sometimes small snails
Throughout runge found in dense shrubs or vine tangles; most abundant in
Gray Catbicd shrub-sapling-stage successional habitats. Also found in forest edges and
¥
Y i . ., |Shrub Shrub clearings, roadsides, fencerows, abandoned farmland and home sites, pine  |Omnivore Main foods taken include insects and small fruis Migratory NA 37g NA G5 | S5B[1994] 2005 | 16
(Dumetella carolinensis ) . A | .
T . and some areas. L. in areas
dominated by comifers.
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Commeon Name Feeding 2 ] .3 ,§ % 8| E
(Genus/species) Foraging | Nesting General Habitat Description Guild Food Migration | Longevity Size Home Range AR
Arthropods, berries, carriom, nesthng birds, fungi.
Gray Jay (Perisoreus A widespread resident of North America's boreal and sub-alpine comferous Copious sticky saliva from enlarged salivary glands
N nu)z’l 'Z i) "~ ]Arboreal Arboreal  |forests. Nests of low to moderate height, often | or 2 trees north of north  [Ommivore  |is used to fasten food items in trees, food that is Non Migratory NA g NA G5 | S5 |19911 2006 | 328
N X
anaernsiy edge of open bog. road allowance, or other break in the forest. used extensively by pairs throughout the winter and
even during other times of the year.
. W, in i i food.
Exotic species Non-native. Habitat consists of a mixture of cultivated and aste grain 1s @ staple fall and‘wm:er food v.v“d
. o o - seeds and insects are summer food. Feeds primanly .
Gray Partidge (Perdix n vated land; with wheat ficlds, weed patches, o seeds of wheat, ¢ batl s, smartweeds In New York, home range size
y. 8 Ground NA and brushy cover. Optimum conditions are a cool, moderately dry climate an{Graimvore } y a1, com, tariey, oals, > | Non Migratory NA 398 g was 82-672 ha, did not differ | GS [SNA 2
erdix ) . . . lambs's quarters, crabgrass, etc. Also eats leaves of
’p u mixture of cultivated and noncultivated land. Grain fields and winter whea . . by season
N . clover, alfalfa, bluegrass, dandetion, etc. Chicks
stubble are also used. Field edges provide escape and winter cover . R
feed on insects for first few weeks of Jife.
Nested primanly in cottonwoods in ripanan zones, and also in drier,
Great Blue Heron coniterous sites. Nesting trees are the largest available. Active colonies are Feeds mostly m slow moving or calm freshwater.
(Ardea herodias ) Riparian Ripanian  |farther from nvers than inactive colonics. The number of nests in the colony |Piscivore Eats mostly fish but also amphibians, invertebrates,|  Migratory NA 2,576 NA G5 |S3S84]1981| 2006 | 36
- & g . .
* corresponded to the reptiles, mammals. and birds.
distance from roads
Use lodgepole pine/Douglas-fir in M Habitat is dense comiferous and|
hardwood forest. especially ptne, spruce, paper birch, poplar, and second- Stnall mammals, espectally radents (1.€. voles)
growth, especially near water. They forage in wet meadows, boreal forests domninate prey over most of the range. Pocket
Great Gray Owl (Strwe Camivore Dead Trees and spruc:-lamamck. bogs in the far nc.nh, and coniferous forest and Camnivore guphers also dc.:mmal: the diet oliGreal Gray Owls Mugratory NA 1,298 NA 65| s3 [2000] 2000] s
nebulosu ) meadows 1n mountainous areas. Nest in the tops of large broken-ofT tree in North America. They usually forage in open area:
trunks (especially in the south), in old nests of other large birds (e.g., hawk where scattered trees or forest margins provide
nest) (especially in the north), or in debns platforms from dwarf mistletoe, suitable sites for visual searching.
frequently near bogs or clearings.
Home range size varies
seasonally and geographically.
Great Hormed Owl Arboreal/Cl Qccurs from river bottoms to tunberline throughout the state. Breeding territories in
Lo Carmivore Arvorealt i ests in stick nesis made by other birds, broken-topped snags, hollow trees, |Carnivare small to medium-sized mammals and birds. Non Migratory NA 1769 [southwest Yukon 230-883 ha, | G5 | S5 [1992] 2005 | 10
(Bubo virginianus ) itfs/Caviry .
and chif cavities. averaging 483 ha;
nonterritorial tloaters averaged
725 ha
Highest densities in wooded ponds of deciduous parklands, with additional
ding in boreal forests, arctic ixed prairie regions. . .
breeding in boreal forests, arctic deltas, and mixe prairie regions Often Broad diet. Seeds of sedges, grasses, and aquatic
Green-w.nged Teal Riparian Ri nhabuts grasslands or sedge meadows with brush thickets or woodlands next Omnivon vegetation: aquatic tnsects and larvae, molluscs Migrato NA 164 NA G5 | ss8 1986l 2005 |
(Anas crecea) P PAMAT ) a marsh or pond. Often inhabits beaver ponds in wooded areas. Ground ¢ 8 - aquatie insec € " gratory R
. . . crustaceans
nester. Nests typically in sedge meadows, grasslands, brush thickets. or
woods near a pond. Eggs are elliptical to subelliptical.
Primarily a forest bird; widely distributed in regions where mature woodtandg Terntory size 0.6-15 hectares:
Hairy Woodpecker Arboreal prevalent. Also occurs in small woodlots, wooded parks, cemeteries, shaded Tree surface and subsurface arthropods and a varies with habitat quality. In
U:‘?:ld ,'\)3“[;”“5) Arboreal c;v?n:n " {residential areas, and other urban areas with mature shade trees, but often  |Omaivore  ldiversity of fruits and seeds. Readily cormes to Migratory NA g central Ontario, breeding G5 | 85 11991} 200s | 227
contes R4 scarce within these habitats. Cavity nester. [n western North America, more feeders territories averaged 2.8
often in large dead stubs or 1n somic areas in aspen with fungal decay. hectares, range 2.4 10 3.2 ha
Hammond's Flycatch Inhabits cool forest and woodland, breeding primarily in dense fir. mature Aerial :::I::::illsiggmse]c?' The Ham‘r‘rlmnd inljs{t;;itﬂ :::;‘?r:y[;]us] Or'.l 61032
5 yeate er. Aernal Arboreal  |comiferous or mixed forests to near timberline. nests were saddled on limbs 4> - 'SP 4 me? orager, cap. ”‘f‘g Migratory NA 10g ouglas _” or G5 | S4B [1992] 2006 | 355
( Empidoniax hammondii' ) - . Invertivare  |insect diet on the wing. On occasion it may forage lodgepole forests in western
mature comters, 10.5 to 40 feet high - . >
trom leaf surfaces or from the ground Montana
Harlegunt Duck . . . . 95% of the inaterial in droppings in Grand Teton
i I tain streams. 1 3
(Histrionicus Ripsrian  |Riparian  [/"80N fust moving, low gradient, clear mountain streams. Overslory in | Aquanc National Park consisted of Stoneflics, Mayflies, and| Migratory NA 687g [NA Ga | 52B 1972} 2005 | 76
. Montana does not appear to atfect habitat use Invertivore "
Hustrionicus ) Caddisflies
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(Genus/species) Foraging | Nesting General Habitat Description Guild Food Migration | Longevity| Size Home Range ol 5|25 2
Frequents streams, hedgerows, shelterbelts, and brushy ravines dominated by
deciduous trees and shrubs. Feeds pnmarily on the ground, scratching and
Harris's Spai ::2‘;2;&::?;\’[5:0“’;? h(nﬂ Wl"h I?Jee(:t;oranglr:edss f"’i‘I:;'“IY Z’"O“ShNb Diet consists of seeds, fruits, arthropods. and youn, 1 Iy Territories averaged 2 hectares
s's Sparro E 5. Nes C N c E . S, 3 5. & . -~
Armis > parrow Ground Ground 3 °S. Nesis are located on the B typically under a s Omnivore 51 0 "op young Migratory ongest Fly 39 but birds foraged up to 500 G5 |SNA 2
(Zonotrichia querula } that is on top of, or next 1o, a hummock. May also be located beneath rock or| comifer needles. 8mo . o
: . meters outside territories
turf overhangs. in Northwest Ternitories, most nests are concealed amid dwa
birch, alder, spruce, and Labrador tea. Nest entrances are often oriented to th
opposite the di of p iling storms
During breeding diet consists mostly of aniinal Territory sizes of 5.1 10 5.6
Hermu Thrush Species prefers interior forest edyes such as margins of ponds and edges of matter, especially msects and other small acres in Douglas fir or
Ground NA 3 & Omasvore invertebrates. Duning migranon and winter, diet Non Migratory NA 3lg . G5 [ S5B [1991} 2005 | 355
(Cutharus guttatus) |meadows in forested areas Ny - lodgepole pine forests in
Isupplemented by wide vanety of fruits. Forages
western MT
from ground.
Daet consists of marine mvertebrates, fishes, msects|
. L . . other seabirds, and adults, eggs, and young of Adult
Ul s . S 4 A times P ~
Herring Gull - (Larus Riparian Riparian Mainly 1slun.ds and areus around water. Sometimes found in rocky or sandy Scavenger  |congeners. Feeds opportunistically mostly on Migratory  |plumageind  1226g |NA G5 |SNA[1995) 1995 3
argentatus ) chifs; occasionally on rooflops near water. .
vanous animals and garbage. Often a scavenger yr
around bays and harbors.
Open forest and scrub, extending farther onto tundra than Common Redpoll,
but still requining shrub, at least in sheltered hollows: substrate damp or dry.
Houry Rednoll During migration and wn winter, often joms with Common Redpolls. Occurs Swmalt seeds of various trees, shrubs, weeds and
tdry c Ut .. |Ground Ground open woodland and shrub, along field edges and week putches and in towns |Herbivore grasses, along with other plant parts, supplemented Migratory NA 13g NA G5 |SNA 2
{(Carduclis hornemanni) N . . N
and villages Nest sites similar to Coinmon Redpoll but may be closer to with invertebrates in summer
water, often over shallow water; in willows, alder, spruce, tamarack, birch.
Where otherwise suitable sites unavailable, nests in cavities in dnfiwood.
Hooded Merganser Ripacian Riparian Hooded. Mergansers are generally munfi n anr areas bounded by woods andAquatic Main foods taken are.pnmanly aquatic insects, fish,} Migratory First breed 6808 NA G5 | s4B f2006] 20061 3
(Lophodvtes cucullatus) supporting good fish populattons associated with clear water Invertivore  [and crustaceans (particularly crayfish). at2yr
ding R isons fi ds hes wi sof -
N Breeding Range l_’ on bha“‘_]w freshwater ponds an marshes with I.jeda of . Aquanc arthropods in the summer, & fish and
Hommed Grebe . . cmergent vegetation, especially sedges, rushes and cattails. In spring and fall| Aquatic L L L .
N . Riparian Raparian . . . Lo i in winter, esp y amphip Migratory NA 453 g NA Gs | 84 2
(Podiceps auritus) the Horned Grebe is mainly on large sized bodies of water, including rivers |Invertivore
; A . . crayfish, and polychaetes.
and small lakes. The tloating nest is usually concealed in the vegetation.
Territory size vanies with
N I ter, th ds. During the breed: h: t and laty nsity;
Open, gerally barren country: avoids forests. Prefers bare ground to grasses L winter, mosty ?ee 5, buring . © breeding season abita popu a-mr? density
4 adults eat mostly seeds but feed insects to thewr ranges from means of 3.5 ha
Horned Lark Ground - [taller than a few cin. May nest on marshy so1l but generally prefers, . . . 5 . 5 . ~
. Ground . . |Graimvore  |young. Adults take more insects during the spring Migratory NA 32g higher latitude heath, 1.6 hain| G5 | S5 2
(Eremophila alpesiris ) Cavity throughout tts range, bare ground such as plowed or fall-planted fields Digs N .
est cavi tural d 3 Food obtained fi d and fall than at other times, perhaps to compensate the agricultural Midwest to a
nest cavity or may use a natural depression. 0 ebtained from ground. for the energetic demands of breeding and molt range of 0.3-14 ha in Colorado
shorstgrass prairie
In alt seasons, 97% of diet 1s vegetable matter
A backyard bird g| most of the contiuguous United States. including buds, seeds, and fruits. Primary weed
House I inch [n its native west, this species occupies a wide range of open or semt-open . seeds eaten include Napa thistle, black mustard, .
G d NA . . AN e . N 21 NA G5 | S5 [1995] 1998 | 2
(Carpodacus mexicanus '} roun habitats from undisturbed desert to highly urbanized areas. In the east, it is Herbivar wild mustard, Amaranth, knotweed and turkey on Migratory NA &
rarely found far from urban or suburban areas. mullen, plus some 21 additional seed vanetes. In
{ate summer it will eat fruns.
Exotic. Non-Native. Breeding habitat 1s mostly associated with human
H o ow (Pusser modified environments such as farms, and residennal and urban areas. Absen Have been known 1o eat livesiock feed. Grains, weel
luuse,.. .pzn)'t (Passc Ground Arboreal  [from extensive woodlands, forests, grasslands, and deserts. Nest oftenin  |Grainivore  [seeds, relatively few insects. Urban birds eat Non Migratory NA 28g NA G5 |SNA|1995] 2005 | 4
doniesticus cniclosed spaces. I they nest in trees the nest usually 1s a globular structure comunercial birdseed.
with a side entrance and may share a wall with a neighboring nest.
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Affinity for open, shrubby woodlands, mimicked so well by sinall town and
suburban backyards and city parks: has a preference for human-made "bird
Hi Wi G /Sh . . . .
(7;257,, hr’: aedon) b:roun T Cavity houses™ . Nests usually in cavities (natural, abandoned woodpecker holes, [Invertivore  |Feeds pnmarily on small, temestrial invertebrates Migratory NA I1g NA GS | S5B[1992] 1998} 16
i dy'i 7t . - .
gl bird boxes, and withim various human artifacts). Male starts several nests,
female finishes nest.
Killdeer (Charudbrius Frequents open areas, especially sandbars, mudtlats, heavily grazed pastures,| Main foods taken include terrestrial invertebrates,
vociferus) Ground Ground and such human-modified habitats as cultivated fields, athletic fields, airport{Invertivore pecially earthworms, h beetles, and Migratory NA 101 g NA G5 | S5B]1992) 2007 | 17
golf courses, graveled or bioken-asphalt parking lots, and graveled rooltops snails; infrequently small vertebrates and seeds
o d-foragi . duri
Widespread 1n open habitats such as shrub-steppe, pmion-jumper edges, Calegnnz'ed a @ grouncriorging ommv'ore unng
the brecding season, and a ground-gleaning .
Lark Sparmrow Ground/Arb) grasslands, roadsides, fanmlands, and pastures. Nests on bare ground, in f during the enod. In breedwn Terntones around iminediate
(Chondestes Ground "™lhallow depression, or in shrub or tree up to 2.75 m from ground. May use  [Omnivore  |¥ uning I 8 penod. Migratory NA 29g  [nestsite (Martin and Parrish | G5 | 558 [2004] 2004 | 2
oreal/Cavity] n . . season, eats more insects than seeds. Duning colder .
lwrammacus} unusual nest sites such as a natural cavity of a dead tree. Nest either on the N N . 2000}, 66-248 5q. m in extent
N periods. when msects are less readily available,
ground or close to the ground (within 4 meters} in woody vegetation X .
seeds may be primary diet.
Lazuli Buatn Arborcnl/Sthrid brushy areas in canyons, ripanan thickets, chaparral and open Feeds on insects (grasshopper, caterpillars. beetles,
§ 8 Ground woodland; in migration and winter also in open grassy and weedy areas NesyOmnivore  Jants, etc) and seeds (wild oats, canary grass, Migratory NA 16g NA G5 [ S5B[1991] 2006 | 35
{ Passerina amoena ) rub .
in small trees, shrubs, or vines, 0.3-3 m above ground ‘nerdlegmss etc.).
S:ml-.npan. stcor.ld-growlh. and mature deciduous and mixed woods; Feeds almost exclusively on msects caught by
Least Flycatcher occasionally coniler groves, burns, swamp and bog edges, archards, and Aerial hawking from the air or gleaned from foliage of
y Aenal NA shrubby fields. Often found near open spaces such as forest clearings and . s . 8 8 Migratory NA iog NA G5 [ S5B [19941 1998 | 13
(Emprdunax nunimus ) Invertivore  (trees and shrubs. Fruits and seeds taken
edyes, waler, roads, and cottage clearings. Nest 1s a neat compact cup, occastonall
2 Ily not protected or only partially p d by sur 2 ] Y
In the Bozeman area, habitat 1s generally restricted to lakes and ponds.
Throughout fall and winter this species fonns large flocks on nvers, lakes. . .
Lesser Sca (Asthy and lar, tfands. Pai d brood I iated with fresh Aquati Manly aquatic invertebrates such as insects,
sser Seaup (MG Jpiparian  |Grouna  [M7€ v wetlands. Pairs and broods typacally associated with fresh to quatie crustaceans, and mollusks. Seeds and vegerative Migratory NA 850g  [NA G5 | ssB[1993] 1995 ] 4
ffinis ) {moderately brackish, seasonal and semipermanent wetlands and lakes with  [Invertivore . . . .
X X y - parts of aquatic plants are important in certain areas
emergent vegetation such as bulrush, cattail and river bulrush . builds nest ol
the ground near or over water, as well as in uplands
Adult emergent insects (e.g., ants, beetles, flies.
Occur in river bottom woods and forest edge habitats, Nest in a natural {grasshoppers, tent caterpillars, mayflies) in summer]
it . -avi ic i . 128 y . i 2
Lewis's Woodpu.ker Acrial Arboreal cavity, abandoned northem ﬂlgk:r hole, or previously used cavity, 1-52 A:m]. and ripe fru.n and nuts 1n fall and wmler. They are Migratory NA 16g NA Ga | s2B oot 1905 | 8
( Melanerpes lewis) meters above ground. Sometimes will excavate a new cavity in a soft snag  |Invertivore  Joppormunistic and may respond to insect outbreaks
(standing dead tree), dead branch of a living tree, or rotting utility pole and swarmns by i k Jing
densities.
Found mamly in boggy, willow, sedge. and moss-domiated hubitats, Winter: small seeds, terestrial inveriebrates when
Lincoln's Sparrow particularly where shrub cover is dense. At lower elevations, also prefers avatlable. Occasionally uses feeders, Breeding
) P Ground Ground mesic willow shrubs, but can be found in iixed deciduous wood groves sucfOmnivore ) . Migratory NA 17g Breeding territory about 0.4 hu| G5 | S5B [1992| 1998 | 10
( Melospiza lincolmi ) L season: mostly arthropods, also small seeds when
as aspen and cottonwoods. Nests on the ground, most often inside a low avarlable. Forages on ground under grass and brush
willow shrub or mountain birch that also contains fairly dense sedge cover. : 8 & L
Most often observed in hedgerows, woody draws, and juniper thickets, Qi . .
Long-eared Owl Asi although they d within the forest edge. Th dominanti in Siberia, nesting pairs
-2 altho ce 3 - . . . L
ong-earc dsio Carmivore Arboreal £ they do aceur within the forest edge. They are prede n.unan Y OPEI) - mivore Depends heavily on small rodents. Migratory NA 279 g remained in an area about 100-| G5 | S5 |2003| 2003 | 3
otus ) country hunters; however, they are seldom seen because of their nocturnal 300 meters in diameter
habits. Nests in a stick nest built by other raptors, magpies. crows, or ravens
Commonly tound in riparian habitat and clearcuts of northem coniferous
A . forests along the Rocky Mountains. Forages along streams or in dense secon: X . S
MacGillivray's Warbler |Riparian- ¢, growth. Commonly found in deciduous, shrubby riparian habitats, Usually |[nvertivore |14 [00d 15 imsects. Feeds on or just above the Migratory NA l0g [Na Gs | 5B [1991] 2005 | 483
(Oporornis tolmier ) Ground Ny . ground.
nests low, 0.6-1.5 meters above ground, in bushes, saplings, clump of ferns,
etc.
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Observations in
Habitat Group Lincoln, Co.,
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Common Name Feeding 2 = E _g % § E
: " . . : . S N . ) 2 3
(Genus/species) Foraging | Nesting General Habitat Description Guild Food Migration | Longevity Size Home Range & & » | S |= z| Z
In North America, the Mallard is the most abundant duck species. Its success|
m.the wild retlects its adaprability m.V‘?Ir.lcd habtats, its hardiness in cold Very flexible in food choice, dret composition
Mallard (4 climaltes, and tolerance of human activities. Usual nest site ts i uplands clos: depends on stage of annual eycle. hydrological
allard - (Anas Riparian Riparian to water. Nests in wide variety of situations with dense cover, including Omnivore P stag yele, hycrologica Migratory NA 1.082g [NA G5 { S5 |1977] 2006 | 34
plagyrivnchos) . O " . . conditions, invertebrate behavior, and crop-
N grasslands, marshes, bogs, riverine tloodplains, dikes, roadside ditches, harvesting schedule
p pland, shrubland, fence lines, rock piles, forests, and fragments &
of cover around farmsteads
Freshwater and brackish marshes in cattails, tule, bulrush, and reeds. Nests irf
Marsh Wren marsh vegetation; female finishes one of several nests started by male; male Aguatic
o . Riparian Riparian  |may continue to build nests even after female begins incubaton. Nesting quatt Eats mainly insects and other invertebrates Migratory NA 12g NA G5 | S5B [1991] 2006 | 7
(Cistothorus palustris ) ) X . . Invertivore
success may be greatest in marshes with relatively dense vegetation and deeg)
water
. — . . Buik of diet usually consists of sinall to medium-
Breeding pairs in eastern Montana usually use sparse conifer stands adjacent . .
X . N . sized birds, often tlocking species. Large flying
Merlin (Falco . 10 pratrie habitats, but sometimes use shelterbelts and river bottom forests. In| . N . ; .
i Carnivore Arboreal N Camnivore insects (¢.g., dragonflies) may be important for Migratory NA 244y NA Gs | sS4 3
columburius ) western Montana, they use open stands of conifers and river bottom forests. N
X R voung learning to hunt. Also eats toads, reptiles, an
Merlins sometimes nest in urban areas
mammals
balpi lows, g hrub-steppe, savanna, and pinyon-juniper Insectivorous. Feeds on beetles, ants, bees, wasps,
Mountan Blucbird woodland; in south usually at elevations above 1500 m. [n winter and caterpillars, grasshoppers, etc. Also consumes some|
untain Blue? Ground Arboreal | migration also inhabits desert, brushy areas and agncultural lands. Nests are berries and grapes seasonally. Hovers and drops to Migratory NA 28g NA G5 | S5B|1991] 2006 | 147
(Stalia currucoides ) o . mmvore .
built in natural tree cavities, or abandoned woodpecker holes. May also use ground whle foraging or darts out from a low perch|
bird box, old swallow's nest, rock crevice, or old mammal burrow. to catch prey.
Year round resident of montane coniferous forests of west North America,
R pnimarily in areas dominated by pine, spruce-fir and pmnon juiper. Occurs in . . . . .
y . d . territory size (.5 ha
Mounfam Chic k?dce Shrub Ground/Arb mixed coniferous-deciduous forests. Nests in a natural tree cavity, Invertivore lns_"'j 1ring wamn scasons augmented with Non Migratory NA 12g Mean teritory size " GS | S5 [1991] 2006 | 875
(Poecile gambeli) oreal . . . spiders. Coniler seeds during cool seasons. Anzona;
woodpecker hole, hole in the ground, or under a rock in a bank. Nest height
usually is low, but may be up to 25 m.
tremendous adaptability. Generally shuns deep woods or extensive forest and
selects more open woodlands and edges between forest and prairie biomes fol
nestmg. Human alteration of original is g lly beneficial for Mostly seeds {99%). Insignificant amounts of Average home range m
Mouming Dove this species, with creation of opening in extensive forest and plowing of . animal matter and green forage may be acquired Missouri was 3200 ha, but
Ground A L L 5 93| 2006 | 24
(Zenaraa macroura ) roun Ground grasslands for |-grain production. Additional habitat created with Gramivore incidentally. Principal food 1tems vary by region an Migralory NA 1238 most activity was within 1.6 G5 1S58 (19
[planting of trees and shrubs in cities, towns, and suburbs. Nests primarily at i diate locale. Feeds almost entirely on ground kilometers
woodland or grasstand edge, usually in trees but readily on ground m absenc:
of suitable trees or shrubs.
Myrtle Warbler GsT
(Dendroica coronata NA NA NA NA NA NA NA NA NA ; S5B [1994] 2000 (0
audiboni )
Forest-bordered bogs, second growth, open deciduous and coniferous
. N ) ) N insects: f 5 ) )
Na’ashvxl]c Warh‘ler Ground/Arbo Ground woodland furesl .cdge and undergrowth, cutover or buned areas; in migratiof Inverivore EalTs insects; forages from .grnund lo treetop. but Migratory NA 9¢ NA G5 | ss8 [1991] 2005 | 58
(Vermirora ruficapilla) Jreal und winter in various woodland, scrub, and thicket habitats. Nests on ground mainly low in trees and thickets at edge of forest
at base of bush, small tree. sapling, or clump of grass. or mn hollow tn moss.
A pnmarily g d-foraging Ipecker that occurs in most
wooded regions of North America. Prefers forest edge and open woodlands.
Northern Flicker Yellow-shaRed Flickers reported nesting in most tree species in the wide Insects, primarily ants; fruits and seeds, especially
em Flic Ground Arboreal  |range of woudlands it inhabits. Red-shafted Flickers are particularly commor]Invertivore  [in winter. Feeds on the ground or calches msects in Migratory NA 1428 NA G5 | S5 [1991] 2006 | 572

(Coluptes auratus )

in quaking aspen stands and ¢ ds in riparian dlands and m bume|

woodlands. Cavities excavated by flickers are used by many species of
secondary cavity users.

the air.
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Observations in|
Habitat Group Lincoln, Co.,
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Common Name Feeding -§ g & K g g B
(Genus/species) Foraging | Nesting Genceral Habitat Description Guild Food Migration | Longevity Size Home Range o &‘ s |lols ; i
A primanly §-foraging w hat occurs in most
wooded regions of North America. Prefers forest edge and open woodlands.
Northern Flicker (Red- Yellow-shafted Fhickers reported nesting in most tree species in the wide Insects, primarily ants; fruits and seeds, especially Gstlsnr
shafted) (Colaptes Ground Arboreal  |range of woodlands it inhabits. Red-shatied Flickers are particularty commor|invertivore  |in winter. Feeds on the ground or catches insects in Migratory NA 142 ¢ NA 5 B 1994] 2000 | 11
auratus cafer) in quaking aspen stands and Is n riparian dlands and in burne| the air.
woodlands. Cavities excavated by flickers are used by many species of
secondary cavity users.
Forage during short flights alternating with brief
Goshawks in M tend to nest y in mature |arge-tract prey searches from perches. They also hunt by
Northern Goshawk conifer forests with a high canopy cover (69%), relauvely steep slope (21% o flying rapidly along foresl.tdges. across openings, ) Breed at 1-2
tccpiter gentilis) and little to sparse undergrowth. Nests were constructed an average 10.9 Carmivore and through dense vegetation. An uppar?umbnc. Non Migratory 1137¢g  INA G5 1 S3 {1924} 2005} 153
(Accipiter g meters above the ground and were usually located near water (232 m} or a hunter, Northern Goshawks prey on a wide variety "
cleanng (85 m) of vertebrates and, occasionally, insects. Prey 1s
taken on the ground. in vegetation, or in the ar.
preter large lakes . Breeders favor shallow wetlands interspersed throughout
Northern Pintail (Amas | prairie grasslands or angw tun.dra. An early fall migrant, the species arrives B Grain (nice. wheat, com, barley), muisl. ‘c.)il and ]
ot ) Riparian Ripanan  |on wintering areas beginning in August, after wing molt, often forining largefGrainivore  |aquatic plant seeds. pond weeds, aquatic insects, Migratory NA 1035g  INA G5 [ S5B [1995) 2006 | 4
roosting and feeding flocks on open, shallow wetlands and flooded crustaceans, and snails
upgricultural fields
L . . . Small birds, mammals, insects, and probably a few
Nor\hcm.Pygmy-oWI Carnivore fnost ot.\en seen in mixed fir forests, but can be found form nver bortons to Camnivore reptiles and amphibians. Small birds may be an Non Migratory NA g NA G5 | S4 [1994] 2005 | 12
(Glaucudium gnoma ) timberline. . .
Northern Rough-winged . . . L . .
Swallow Long-distance mlgrar!l in fhe U.S. and Canada. Breeding populations from thy ] Flys through air and catches msects (e.g.. tlies, )
(Stelguanprerse Aerial Ground lowlands and central interior of Mexico southward are generally sedentary, |Invertivore |wasps, bees, beetles). Swoops low over apen ground  Migratory NA log NA GS | S58[1991] 2006 | 18
errimenms . though they may make local elevational migrations to coastal areas in winter. or water. Occasionally may scavenge on ground.
Northern Saw-whet Owl Most comnmeon in comiferous forests; however, they can be found in deciduouf \iats mainly small mammals sometimes birds and Non
. . Carmivore Arboreal  [trees along watercourses. Nests in woodpecker holes and possibly natural - [Camivore . Migratory/Eleval NA 9lg NA GS | S4 |1994| 2005 | R
(Aegolius acadicus ) insects.
cavities. honal
Generally breeds in the montane and boreal torests in the mountains o
western North America, highly adapted to the dynamics of a landscape hovering or sallying forth, concentrating on prey
frequently altered by fire. They are more often associated with post-fire available via aerial attack. They generally launch
Olive-sided Flycatcher ] tfuluuu than any other major habitat type, but may also be found in other these aerial anac_ks from a .hlgh. exposed Pcr\:h .alop )
\(Comtopus coopert) Aerial Ground forest openings (clear cuts and other disturbed forested habitat), open forests {Invertivore  |a tree or snag. Like others in the fiycatching guild, Migratory NA 32g NA G4 [ 3B [1992) 2005 | 332
N with a low percentage of canopy cover, and forest edges near natural this bird is a passive searcher, looking for easy to
meadows, wetlands, or canyons. Nests are placed most often in conifers find prey, but 1s also an active pursuer, attacking
(Harrison 1978, 1979), on horizontal limbs from two to 15 meters from the prey difficult to capture
ground.
Prefers habitats with shrubs and low vegetation, often in aspen forest or
riparian or chaparral areas which provide cover for its nest. Nests well . i .
Orange-crowned Warbler c . led on:. on or near gmunz or in small crevices or de:rccbsiun n (ileans insects from leaves. hlus.soms, Bnd.[he fips o
. Arboreal Ground ) . Invertivore  tboughs, but also eats some berries and fruit and 15 Migratory NA 9e NA GS | 85B|1992] 2004 | 608
(Yermirvora celata) ground/rock, along shady hillside, on slopes or steep banks, sheltered by . .
" . . . attracted to suet feeders in the winter.
overhanging vegetation. Also found in shrubby bushes, ferns, vines. Nest is o
small open cup.
Late success ional stages of coniferous or deciduous forest, but also younger Diet consists primarily of wood-dwelling ants and
Pileated Wob(.]pecker Arboreal Arboreal forests that have scattered, lar.ge dead trees. Dea.d trees provide favored sites| Invertivore bcc(lfs that are extracted from down wood.y materia Non-Migratory| 9 years 308 g NA G5 | s4 {1991] 2005 | 256
(Drvocopus pileatus ) tn which 1o excavate nest cavines. Only lurge- diameter trees have enough and from standing live and dead trees. Fruit and
girth to contain nest. mast of wild nuts when available.
——
Pine Grasbeak Open coniferous forests of north-western mountain ranges and in coastal and| I[:‘:::f ::‘::;rl;;;z::‘:;:::nj‘:‘:]s;cﬁ::]:]e
Arboreal NA island rain forests of Alaska and British Columbia. Aiways most common in |Omnivore T T L Mgratory NA S6g NA G5 | S5 |1988] 2004 | 59
(Pimicola enucleator) young a diet of mainly insects and spiders often
places where forest 1s open. .
Imixed with vegetable maner
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Common Name Feeding .g g § g
(Genus/species) Foraging | Nesting General Habitat Description Guild Food Migration { Longevity Size Home Range °I= i‘ 2
Pune Siskin (Carduelis Forests and woodlands, parks, gardens and yards in suburban areas: in ‘I:;:]:xrg;:zlhrrccs am:l or:alh]:cfmmu:::]lefso)r:::‘::;:js" °
! (Carduelis | Geound NA imigration and winter in a variety of woodland and forest habitats, partly operfHerbivore » DITERES. PINEs, mapies. | Migratory NA 155 [NA Gs | s5 [1991] 2006 |1243
pints ) . Also eats flower buds of elms, drninks nectar from
situations with scattered trees, open fields, pastures and savanna. . L
yptus bl and sap from cker's holeg
s o T b e R
c | | -
VBT <h Arboreal Arboreal ! pine forests hiftle attee Y 0BEINg, Tirewoo! CONeCtOM vertivoe  [but also eats pine seed. At feeders, eats suet and Non-Magratory NA g NA GS | S4 |1993] 2004 | 11
ipvemac.t) and snag removal. A cavity nester, can excavate own cavity, but will use
. - sunilower seeds
woodpecker holes and matural cavities
Coni and mixed ife decids forests; also pine savanna and
Red Cressbill (Loxia Arboreal Arboreal pine-oak habitat. [n migration and w!nler may also occur in deciduous forest, Omnivore E.ars seeds, buds-, and insects. Forages in trees; also Non-Migratory NA e NA Gs | ss fioss| 2004 § 692
curvirostra’} and more open scrubby areas. Nests in conifers, 1.5-25 m above ground. picks up seeds from the ground.
toward outer end of branch
Red-breasted Nuthatch Pmr‘?m éo;es:d::::lha;e N scrtorng fir u"d. spruce cnmponer:: May also)bre;(]i Cats mawnly arboreal arthropods dunng the breeding
¢ e Arboreal Atboreal |7 TIXed wo When a strong Wt Dnvertivore  |season and a large number of conifer seeds outside Migratory NA 10g NA G5 | S5 [1991] 2005 | 1724
(Sitia canadensis } deciduous trees such as aspen, oak and poplar. The nests are open and built the breeding season
up from a variety of grasses, strips of bark and pine needles. 8 season
Breeds in deciduous and mixed deciduous-coniferous forest. Absent from sit
where understory shrubs are sparse or lacking. Often found near small Consumnes inostly insects, particularly caterpillars.
Red-eyed Vireo Fireo openings in forest canopy. Can occur in residential areas, ity parks, and During breeding season most often observed
- re . o .
v y‘ ) o Gireo Arboreal NA cemeteries where large trees grow. During sprmg and fall migration uses a  |Invertivore  |foraging in canopy vegetation. Also eats various Migratory NA 17g NA G5 | S5B|1993] 2000 | 25
eus .
X cens greater vanety of forested habitats than dunng breeding season, but still small fruits, most frequently 1n late summer and fall
prefers deciduous woodland over conifers. Winter range finds them present . In winter, mostly frugivorous
various forested habitats from sea level up to 3000 m elevation.
Sap wells in the bark of woody plants and feed on
nesting in broken-top lurch: habitat is old-growth larch. particularly sap that appears there. Often drill sap wells in the
R‘cd-naped Sapsucke.r Arboreal Arboreal |77 wet areas. Nest cavities made in dead trees or dead.pumons of live Herbivore xylem ot contfers anq aspens. Once the l.emperature Migrarory NA NA NA G5 | ss8 [1992] 2006 | 189
(Sphyrupicus nuchalis ) trees. Pure white, moderately glossy eggs are ovate to elliptical-ovate or increase and sap begins to flow, theses birds switch
led-ova to phloem wellls in aspen or willow, 1f available.
Insects, also bast (inner bark), fruit, and seeds.
- . L . 3 primarily ground squirrels and other small rodents,
I.led ‘_‘“Itd_HJWK Buteo Camivore f\rhoreal/(“] "“.l intrees and on clifs, and hunt over grasslands, open woodlands, and Carmivore but also feed on a wide vanety of other animals. Req  Migratory NA 1,224 g NA G5 | S5B|1989] 2006 | 73
jamadicensis ) iffs agricultural areas. . . "
railed hawks often eat snakes, including rattlesnakey
Breeds in a variety of wetland and upland habitats. Wetland habuats include . ) T
Red-winged Blackbird treshwater marsh. saltwater marsh, and rice paddies. Upland breeding During the nonbreediag season, diet is primarily
X X NA NA . o ) p Omnivore  |plant matter. During breeding season, diet1s Migratory NA 6dg NA G5 | S5B|1993| 2006 | 21
(Agelaius phoeniceus) habitats commonly include sedge meadows, alfalfa ficlds and other crop land X X
" N primartly animal matter with some plant matter.
and old fields. Roosts in habstats with dense cover.
.S;.'vnn.g and fall n.ugmuun preters fresh w.aler (lakes, river marshes, rescrvo.lrs fish, insects, earthworms, rodents. and grain.. At
irigation and agricultural areas). Occurs inland more often than other species . N
Ring-billed Gull Larus of gulls - near landfil sit If ¢ farm fields. Winter 1] Freezeou: Lake, stomach contents included insects,
& . . Riparian Riparian 8 i sites, goll courses, . range Mosty Ofr .y ertivore oligochaetes, cr birds and ls, and Migratory NA 566g |NA G5 | S5B|1991] 2006 | 5
deluawarensis ) or near coast. Common around docks, wharves, harbors: scarce in pelagic X . .
. " plant material believed to be consumed incidentally
waters; inland on reservoirs. lakes, ponds and streams, landfill sites, and . A
" . o to consuming animals
pping malls in large P centers.
[Freshwater wetlands, especially marshes, fens, and bogs that are generally
shallow with fringes of flooded or floating emergents, predominantly sedges
Ring-necked Quck Riparian Riparian with other and shruh.s; also open water zones Ommivore Molst.-so:l and aquatic plant seeds and tubers; Migratory NA 70g NA as | ssa |1992] 20061 o
(Aythya collaris ) vegetated with abundant submerged or floating aquabc plants (Hohman and aquatic invertebrates
Eberhardt 1998). In the Bozeman area, habitat is restricted ta Jakes and
ponds.
. Rock also found 1n nonrocky habitats, as long as there exists areas “nch in
Rock Wren  (Sulpinctes . . . . .
obsoletus) Ground NA crevices, mterstices, passageways, recesses, and nooks and crannies of diverdlnvertivore  |Insects and other arthropods Migratory NA 17g NA G5 | 858 [1991] 2004 | 11
SO .
shapes and sizes”
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Common Name Feeding -§ & 2 é H § E
. - . . . . . .S |2
{Genus/spccies) Foraging | Nesting General Habitat Description Guild Food Migration | Longevity Size Home Range czl |25 z
In the wesl, nests 1n spruce-fir, lodgepole pine and Douglas-fir forests Sprin, . . . 1
o . . Winter: spiders and their eggs. a variety of insects
and fall migration includes a broad range of habitats: coniferous and N
Ruby-crowned Kinglet deciduous forests, floodplan forests, willow shrubs, abandoned homesteads and their eggs, psucdoscorpions, strall amounts of
Arboreal Arboreal o . N N Invertivore | frut, seeds and other vegetable matter. Breeding Migratory NA 7g NA G5 | s58 {1992] 2006 | 500
(Reguluy calendula) r old fields, and yards. Nest globular or elongated, .
. ) season: same as winter excepl no vegetable matter
usually pensile but may be placed on limb. In all cases nests protected from eaten
|above by overhanging foliage.
primarily aquatic insects. crustaceans, zooplankton,
Ruddy Duck (Oxyura |Breeding is usually on overgrown, shallow marshes with abundant emergent ::13:;6:;:v:::il??;et;{:::llj:;":‘:]ssur:::asrzall
. y X R Riparian Riparian  |vegetation and some open water. Non-breeding birds are found on large, 1 e Ot aquatic veget: . 8 Migratory NA 590g NA GS | S5B|1992] 1993 | 4
amaicensis ) encrally deeper waters with silty/muddy bottoms almost exclusively by diving but occasionally foragy
& ¥ decper waters R4 Y by "skimming" water surface. straining food from
water
found in dense, brushy, mixed-conifer and deciduous tree cover, often along
Rutfed Grouse (Bonasa Arboreal/Sh stream bottoms. In the Bozeman area they are mostly in deciduous thickets ir] In winter dectduous tree buds and shrubs. [n
b ”“J) Ground ub the foothills and mountains; also i riparian areas to the lowest clevation say{Omnivore summer, amixed diet of insects, green plants and Migratory NA NA NA G5 | S5 |t977) 2006 | 148
olius N .
¢ they imhahit the denser cover of mixed comifer and deciduous trees and brush| berries, with young birds eating primarily insect
and are often along streamn bottoms.
primarily aquatic msects. crustaceans, zooplankton,
pramarily aquatic insects, crustaceans, zooplankton, and other inveriebrates. und other invertebrates. Typically consumes small
Rufous Hummingbird Riparian Riparian Typically consumes smfxll. amount of aquan: vegetation and seeds. Forage Invertivore amount of aguatic Vtgcl.ﬂl.lon and sceds. Forage\ Migratory NA 1g NA as | sse |1991] 2007 | 49
(Selasphorus rufus ) almost exclusively by diving but y forage by " water almost exclusively by diving but occasionally forage
surface, straining food from water by “skimming" water surface, straining food from
water
widespread and abundant in open habitats throughout North Amenica. During The maim foods taken in winter include simall seeds,|
|Savannah Sparrow the breeding season its persistent buzzy song can be heard in agricultural fruits. and 1nsects when avaitable. During breeding Territorics are small, rangm
(Passerculus Ground Arboreal  [fields, meadows, marshes, coastal grasslands, and tundra. Dunng spring and [Ommivore season they eat adult insects, larval insects, insect Migratory NA 25 from 0.05 to 1.25 he;laregs 2 | Gs [ ssBj1992] 2004 12
sandwichensis) fall migration it can be found in open fields, roadsides, dune vegetation, eggs, small spiders, millipedes, isopods, amphipods] e )
coastal marshes, edges of sewage ponds and other ponds in open country. I Is, mites, small mollusks, seeds, and fruits.
s — N . § Pritnarily flying or terrestnial insects, most
Say's Phocbe  (Suyornis Aerial NA Open.counn'y, prarric ranches, sagebrush plains, badiands, dry barren Invertivore  |frequently wild bees and wasps but also thes, Migratory NA 21g NA G5 | S5B 2
sava ) fouthills, canyons, and borders of deserts
beetles, and grasshoppers. Little vegetable matter
_hi . . . g onifers . .
Shar|j,\ s hinned Hawk Camivore NA anll\PnIy use h.eavy timber, especially even-aged stands of conifers, but Carmvores allnos.t entirely on songbirds, alllhough.(hey Non-Migratory NA \74g NA Gs | sas [1991] 2003 | 17
(Accipiter siratus) sometimes hunt in open areas oc Ily take small and insects
Solitary Vireo (Vireo Mixed coniferous-deciduous woodland, humid montane forest; in migration '.Ii:: mosily ms::::' S:;::iﬁie:;n:rsg: Irudn.s.
itary Vireo (Fireo | 4 horeal  |NA and winter also in " variety of wooded habutats, but favors tall woodland  |[nvertivore | o o BeS 2mong lolage ne an Migratory NA 17 |NA G5 |sNR[1993 1994 | o
solitarins ) - . shrubs. Eats fruits and insects in about equal
with live oaks and pines in the temperate zone,
Proj zurlluns
In nonbreeding period, primarily seeds, truits, and
Song Spf-u-mw : Arboreal NA Wide range f)f forest, shrub, and riparian habitats, but limited to those Omnivore myene.bra.les. as available. During breeding, Migratory NA g NA G5 | ssB 1991] 2006 | 80
(Melospiza melodia) adjacent to fresh water more often 1n and environments primarily insects and other small invertebrates: som
seeds and fruit
Primartly shatlow freshwater emergent wetlands (c.g.. martshes of cattail,
. . . blue-joint, . in bogs, fens, . . E i N h plants, .
Sora (Porzana carolina) |Riparian Ripanan sedge. blue-joint, or k.:ulrush) Ie.ss frequently in bogs, fens, wet meadows. an omnivore ats mollusks, insects, seeds of marsh plants Migratory NA NA NA G5 1 sss l1901] 20001 o
tlooded fields, sometimes foraging on open mudflats adjacent to marshy duckweed
habitat,
Shores of [akes, ponds, and streams, sometimes m marshes; prefers shores
Spotted Sandpiper with rocks, wood, or debns; also mangrove edges in Caribbean. Nests near Aguatic Lats mainly small inveriebrates obtained from
porte Pipe Riparian  |Ripanan  |freshwater in both open and wooded areas, less frequently tn open grassy || surface or by probing along shores or some distance]  Migratory NA 40p  |NA Gs | 5B [1992] 2006 | 29
(Actitis mucularius ) B ; Invertivore |, .
areas away from water: on ground in growing herbage or low shrubby inland if insects are abundant there
jprowth, or against log or ptant tuft
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Observations in|
Habitat Group Lincoln, Co.,
-
=
- | 2 - &
H ] B 2
Common Name Feeding s = 2 é %3 E
. " . . - B . . . 5 1= s | = 1
{Genus/species) Foraging | Nesting General Habitat Description Guild Food Migration | Lonpevity Size Home Range o & 7 |lo|= ]z
Uses a wide varicty of shrubby habitats characterized by deep litter and Furjages on 1hc %mundhhcnreatt\ slhmhs an.d
Spotted Towhee (Pipilo humus on ground, and sheltering vegetation overhead. Undergrowth of open & \, using 8 g
P Ground NA ¥ ’ } W OLOPEn vertivore  [maneuver to find foud among loose debris. Eats Migratory NA a2¢ NA G5 | SsB [1991] 2006 | 78
maculatus ) woodtand, forest edge, second growth, brushy areas, chaparral, riparian 3 N o
N various invertebrates, seeds, small fruits, some small
thickets, woodland
vertebrates
[dense forest types such as alpine fir, kngelmann spruce, or lodgepole pine. Coniter needles (larch, ponderosa pine, lodgepole
S;Trm.c Gru.use Ground NA inter hom:.: ranges northeast of Missoula are covered by pouglas fir, Herbivore pln.e) were the main food in late fall (hfough early Migratory NA 492g NA cs | sa |1992] 20041 16
(Falcipennis canudensis ) ponderosa pine. lodgepole pine and larch, Douglas fir provided the most spring. [n summer, herbaceous vegetation and
imporant cover; the average size being 24.1 hectars sects were utilized.
c and mixed o forest, open lland, orchards Consu.mes wide vanicty of anumal and plant f(.)od
. . . ncluding arthropods, nuts, seeds, bemmes, fruits,
and gardens including humid coniferous forest in nw. North Amenca. N
Steller's J Habutuates readily to h di 1l known at feed o " small vertebrates, and eggs and young of smaller
cllers Jay Ground Arboreal 1Y 10 fumans and is we R 8t [OCCErs. PICNIC AIEAS. 81 |y nivore  [birds. At feeders, picnic areas and campgrounds, Non Migratory NA 106 g NA G5 | S5 [1987] 2005 | 43
(Cvanocitta steller) campgrounds. Nests typicalty placed on herizontal branches close to trunk, . R
. consumes wide variety of foods such as suet,
often close to top of tree. When nesting close to human habitation, frequently
" . . sunflower seeds. peanuts, meat, cheese, bread, and
nests close to a window, building, or path, above ground in bushes or trees. coakies
Comferous and mixed coniferous-decid forest, open dland. orchard
and gardens including humid coniferous torest in nw. North America. Berries and insects. Breeding and spring migrating 5 .
Vi ' 3 ? Migratory/ Territ f1.7t03.3
S(\fz:llns‘.m s Tlhrlush N Arboreal Arboreal  [Habituates readily to humans and is well known at feeders, picnic areas, and |Omnivore populations tend to be insectivorous: fall migratung NO:““:E:::;Y NA 2345 g a::s 0ry sizes o ° G5 | S5B|1991] 2005 [ 1387
(Cuttharus ustuldtus fcampgrounds. Nests usually in small tree. close to trunk, often 2 m or less and wintering populations more frugivorous
above ground: often in conifer, sometimes deciduous tree or shrub.
Openings of northern woodland. edges of dense spruce forests, cleared balsal
tamarack bogs, grassy places of open aspen and pines. alder and wiliow
Tennessee Warbl thickets, open deciduous second growth, In migration and winter generally ir] Eats insects and spiders, seeds, fruit juices; forages $254
3 e Wil o Arboreal Arboreal  [single species flocks n tops of trees of various dland typ typicallyf tivore  jover terminal twigs and leaves of trees and in dense|  Migratory NA 10g NA GS 1991) 2000 | 10
(Vermivara peregrina ) ; . N - B
in continuous mature forest; in winter prefers semi-open, second growth, patches of weeds
colfec plantations, gardens, Nests in hollow of moss in bog, or on higher levdl
ground or illside, in thickets or in open at base of grass or shrub
In Missoula. insects were the pnmary summer food,
b i primanily by ground predation. Rocky
Mountain juniper cones were the primary food
Townsend's Solitaire Ground Ground Open woodland.. pinyon-juniper association. chap.arra]_ desert and riparian Invertivore dunn; late winter. Feeds on insects (e.g.. o Migratory NA 34g NA Gs | ss5 [1991] 2004 | 515
(Myudetes townsendt) |woodland nest sites were in cutbanks and 2 were in open woodlands caterpillars, beetles, wasps, ants, bugs) and fruit
(e.g.. juniper berries, and berres of rose, cedar
mistletoe, madrona), also pine seeds. Flies out from,
a perch and caiches msects in the ar.
Tall coniferous and mixed coniferous-deciduous forest at various elevations, insects. Honeydew excreted by scale insects in low-]
Townsend's Warbl from wet coastal forest at sea level to dry subaipine forest. Most abundant in latitude cloud forests. Winter: gleans small insects
s Warbler Arboreal Arboreal  |unlogged, old-growth forest, but also common in late successional stages.  |Invertivore  {and caterpillars in foliage at all heights, occasionally Non Migratory NA 9g NA G5 | S5B |1991] 2005 |1306)
(Dendroica townsendr) X
Uncommon in logged forest. Appears to prefer conifers; may nest 2.7-4.5 m hovers and plucks them from undersides of leaves;
above ground, maybe higher hawks flying insects
Maostly flying insects, though vegetable matter is
Tree Swallow ) Acrial Arboreal Open fields, meadows, marshes, beaver ponds.. lakeshore§ and other wetland Invertivore eaten during untavorable weather conditions. Forags Migratory NA 20g NA as | ssifisez| 2000 | 27
(Tachycineta bicolor} margins. Uses trees only for nesting and occasional roosting. over open water, marshes, ponds, and fields, as well|
as in shrubby habitat.
Turkey vultures forage in a variety of habitats, including grasslands.
 Turkey Vulture Camnivore Clitfs |badlands, open wo.odlands, and farmlands. Nesln.lg in the nor.lhcm Rock.ms iq Camivore Carrion is the primary food, but they sometimes Migratory NA 1467g  [NA Gs | sas|i992] 2006 | 18
(Cathartes aura) usually done on cliff ledges under overhangs, or in rock crevices, often in prey on small marmmals.
river valleys
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Observations in
Habitat Group Lincoln, Co.,
-
El
- [ & - &
@ =
Common Name Feeding -§ = 2 _5:& H g E
(Genus/species) Foraging | Nesting General Habitat Description Guild Food Migration | Longevity Size Home Range AR 2z
Humid coastal and interior montane coniferous forest, deciduous forest with
Varied Thrush (& hrubs (especially alder); in migrati ints . d i insects, .
ane. rush (lxoreus Ground Arboreal dense understory, and tall shrubs (especially alder); in migral ion :fnd winter [ e Feeds in trees or forages on ?he ground for insects, Non Migratory NA 8 NA 65 | ss [1990 2005 | 610
naeviue ) also open woodland and chaparral. Usually nests in a small conifer, earthworms, seeds, and berries.
fsometimes a dectduous tree. 3-4.5 m above ground
During breeding prefer late stages of coniferous furests and deciduous foresty
mixed with comferous. More common in old-growth forests than in younger
Vaux" Y 3 | 3 S| i ins . ches .
nux.s Swift (Chactura Actial Arboreal stands. Duning spring and fall migrations prefer forests mj|d Open areas; roost| e Almost enflrely insects and spuders. Catches its pre; Non Migratory NA 178 NA Gs | saB [1991] 2002 | 12
vauxi}) trees and chimneys important as they allow swifts to avoid exposure and from the air.
conserve body heat. Hollow trees are its tavored nesting and roosting sites.
Nest 1n hollow trees in the forest; less commonly in chimneys.
Generally inhabits damp, deciduous forests, Has a strang preference for
riparian habitats in several regions, mncluding the Great Plains. Prefers Primarily a ground forager, with a diet fairly evenly,
v ;. 3 _ . . o y o
Veery (Catharus Ground Riparian disturbed forest, probably be.muse denser understory 1s not Fcrund m Omnivore divided bctwecn. msed§ and t."mu .Ruughly 60% Migratory NA Mg NA G5 | san 1994 1995 | 2
flescescens) undisturbed forests. Breeds in early-successional, damp. deciduous forests, msects, 40% fruit, feeding primarily on insects as
ofien nesting near streamside thickels or swamps. Nest are fypicaily on or breeders and on fruit late summer and fall.
near the ground, most often elevated 1n or at the base of a bush or small tree.
Vesper S w In central Montana they nest on the ground under big sagebrush, but In central Montana, 70-90% of food was animai
(P “;)!:r .'T":_‘ ” ) Ground Ground concealinent of the nest is not greatly important. They are found in areas Omnivore  |tmostly Coleopterans), whtle 3 to 23% was plant Migratory NA 27g NA G5 [ S5B[1991] 2006 | 73
goeccles gramineus where vegetation was short and dense, with a high percentage of cover (mostly grass seeds)
Occurs principally in montane coniferous forests. Breeding range includes e .
Violet-| . . Cts excl .
wlei-yreen Swallow |\ o) Arboreal  Jopen deciduous, coniferous, and mixed woodlands. Often perches on wires [Invertivore || 718 insects exclusively. Not known lo feed on Migratory NA 14g  [Na Gs | ssB 1991 2006 | 27
(Tuchycineta thalassing ) seeds or berries.
and exposed tree branches.
Throughout range. shows a strong association with mature mixed deciduous
'woodlands especially along streamns. ponds. marshes, and lakes but sometimg
in upland areas away from water. Also found in young deciduous stands that
. . emerge after a clear-cut. In general, overall habitat structure consists of large| A
Warbl \% Vi . . . X X
“i::.l ‘;ng freo (Vireo Ground Arboreal  [trees with semi-open canopy. Other habitats include urban parks and g: e [insects, th hout the year. Some fruit in winter Migratory NA 12g Territory sizes of 3.4 to 5.6 GS [ S5B[1992] 2006 | 435
slivus orchands, farm fencerows, campgrounds, deciduous patches in pine forests, acres
mixed hardwood forests, and rarely. pure coniterous torests. Usually nests af
end of branch in a deciduous tree, 9-18 m above ground, or 1-3.5 m above
ground, in shrub or orchard tree
Can usually be found tn open and decid dlands, parklike Insects during the warmer months, but forages
) Ny d h I S . N inter.
Westem Bluebird forests, edge hab|la§, bumne: areas and where moderate amounts of logglng ] primarily on hemes.and fruits through th? winter. ) averaged 0.43 hectares and
) ) Ground have occurred, provided a sufficient number of larger trees and snags remainjInvertivore  |Forages by flycatching and by dropping from perch| Non Migratory NA 29g G5 [ S4B |1991} 2003 | 11
(Stalia mexicana’) . . . 0.56 hectares
to provide nest sites and perches. Nests usually found in rofted or previously] to ground.
excavaled cavities in trees and snags, or between trunk and bark.
Westem Grebe s . . . Feeds mainly on fish, but will also eat salamanders,
R - 3 d b hich have | f ter} P . .
(Aechmophorus tparian Lives on ﬁe_Sh water Ia_}'ts and marsties Wich iave Jafge areas of open watep riscivore crustaceans, polychaete worms, and insects. They Migratory NA 1477g |20 hectares or more open water] G5 | S4B {1987| 1991 | 4
. -y Opportumst and vegetation around it. invertivore .
occidentalis tend to be opportunists
Primarily insectivorous; feeds on wasps, bectles,
Westem Ki special yanna, agri ) . . ¢ illars, s -
estern kmgb.nd Acrial/Groun fArboreal/  |[Open and partly open country, especially savanna, agricultural lands, and Invertivore moths, Lalerpll?mfs grasshoppers, true bugs. Also Migratory NA 40g Foragm.g range at least 400 s | sseliso1] 2006 | &
(Tyrannus verticahs) d Shrub areas with scattered wees, also desert. eats spiders. millipedes, and some fruit. May meters from nest
occasionally take tree frogs
Most corrunon 1n native grasslands and pastures, but also in hay and alfalfa rain and weed seeds. and msects. Favonte insect
Westent Meadowlark fields, weedy bords f croplands, roadsides, orchards. or other open areas; |Grainivore foods melude beelles, weewls, wireworms,
Ground Ground e, cf, ¥ poreers o ?r E . y y °r op g . " |cutworms, grasshoppers, and crickets. Seasonal Migratory NA 106 g |4-13 hectares GS | S5B }1992] 2006 | 45
(Sturnella neglecta) y desert P shown for habitats with good grass |Invertivore " . . . .
& differences: grain during winter and early spring,
and litter cover. . X .
insects late spring and summer, weed seeds in fall .
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Observations in

bogs and overgrown clear-cuts of montane and boreal zones.

Habitat Group Lincoln, Co.,
.x
]
L |2 5
. . E 2 H ]
Common Name Feeding S F 2 £ 2 2l E
(Genus/species) Foraging | Nesting General Habitat Description Guild Food Migration | Longevi Size Home Range & 5|55~
Favors open woodlands, but oceasionally extends into fairly dense forests. N .
Western Tanager During migration, frequents a wide variety of forest, woodiand, band |Frugivore Feeds predominuntly on wsects dunng the breeding
ger NA Acboreal 8 migravon. Tequents vy oodland, scruband | TUBIVOTE, 1 e,con but it ulso ncorporates fruits and berries in | Migratory NA 288 |NA Gs | ssi |1991] 2006 (1158
(Piranga ludoviciana) partly open habitats and various h de eny such as orc} Invertivore [~ .
A > its diet whenever 1t can
stands of trees in suburban areas, parks, and gardens.
- ok f deci v Fl; ins i i b 3 .
Western W(md.pewce Acrial Arbareal | SEE™ Wherever there are clearings or groves of deciduous trees along therivefy ying insects, especially flies, ants, bees, wasps Migratory NA t3g [NA G5 ( S5B (1992f 2006 { 34
(Contopus sordidulus) valleys and beetles, moths and bugs.
A common resident of deciduous forests in North Amenca. Also in mixed
atc i if odl s y aimvore,  |Feeds on a va I matt . ) .
White-breasted Nuthatch Arboreal Arboreal h and-L forests. Favors wor .and edges over more central Gramn.\or: eeds on a variety of nsects and plant matter Migratory NA 2g 1020 hectares feeding rerritory] G5 | S4 11992] 2006 | s8
(Sitta carolinensis) locations, prefening open areas. Over much of its range the presence of somgInvertivore  |(acorns, nuts, etc).
oaks seeins to be a requirement.
NFLESSL\I"}’ habitat features of breeding terri On.es include grass, either pure off Main foods taken n winter include seeds. buds.
White-crowned Spartow Ground/Sh mixed with other plants: bare ground for foraging; dense shrubs or small Gramivore, ass. fruits, and arthropods, when available.
le-crow P Ground * \conifers thick enough to pravide a roost and conceal a nest; standing or vore. - grass. - and artwopods, when ava wnie. Migratory NA 29¢g NA G5 | S5B [1989] 2003 | 41
{Zonot:ichia leucophrys) ub/Arboreal . R lovertivore | Duning breeding season arthropods (principally
running water on or near territory; and tall comiferous trees, generally on
! mnsects) and seeds are taken.
enphery of territory.
. Coniferous and mixed forest, forest edge, clearings, bogs. brush, thickets, Frugivore, .
White-throated w L . ; - ' . Eats most| 4 fruits, buds,
hite-throated Sparro Ground Ground open woedland. In migration and winter also in deciduous forest and Granivore, @ ."ms y weeds seeds, also small frurs. buds Migratory NA 2¢g NA G5 |SNA|1994] 1994 | 13
(Zonotrichia albicollis) N . and insects.
woodland, scrub, shrubbery, gardens, parks, cattail marshes. Invertivore
. . Coniferous forest (especially spruce, fir or larch), mixed ¢ oniferous- - Eats seeds (e.g., of conifers, birches, grasses,
White- d Crossbill . - . ! C e, | ! .
! t uvvmgc rossbit Ina Arboreal  |deciduous woodland, and forest edge; in migration and winter also may occul Jranivort junipers, etc.) and msects; mainly conifer seeds, Non-Migratory NA 28g NA G5 | S4 11991] 2000 | 28
(Loxia ieucoptera) . . N |Invertivore . N .
in deciduous forest and woodland which also compnse diet of nestlings
- e
Open ponderosa pine forest in rugged terrain, interspersed with grassland an Frugivore S:::s'::r f““d;’ L"Cll:)de insects ({:nm’n;“yj
Wild Turkey (Meleagris brushy draws is the preferred habitat (FWP). Open pond. Grailvure. g N ppers. enrf le smywlen-y and stems,
nd Turkey (Meleagns |G round Ground  |cover types are most widely used in the Longpie Hills during summer and Hvores sumac frutis, grass leaves " | Non-Migratory|  NA 7400 [260 to 520 hectares G5 |SNA[1994] 2005 | 12
pallopavo) Herbivore,  |and Carex seeds; winter foods are grains, hawthomn
early fall; canyon bottoms at lower elevations, grain tields and livestock N
g . . . Invertivore  {and snowberry fruits, and grass leaves, stems and
feeding areas are utilized in late fall and winter. heads
Dnils holes in trees and consumes sap. cambium
Wilhnison's Sapsucker Comferous forest, fir and Lod; le Pine; in and winter] and insects. Ants may comprise 86% of its animal . Reported territory sizes vary $384
. Artb: I g s ’ = I Migrat 48 . 991| 2002 39
(Sphyrapicus thyroideus) ored Arbareal also in lowland forest. Invertivor toed; also eats wood-boning larvae, moths of spruce| \gratory Na g from 4 hectares to 6-7 hectares Gs B !
budworms, etc
Strongly hed to brushy areas of willow (SALIX spp.) and similar shrubs.
Found in thickets, open second growth with brush, swamps, wetlands,
Willow Flycarcher ides, and open dland. Common in dows and along Eats mainly insects and occasionally berries, 96
(E:n "I‘: n'y‘ warlli) Aenal Riparian  [streams; also in brushy upland pastures (especially hawthorn) and orchards. [Invertivore  fpercent of diet is anunal matter, most of which is Mipgratory NA l4g 0.1 to 0.9 hectares G5 [ 858 [1991] 2006 | 26
praona; The presence of water (running water, pools, or saturated soils) and willow, flying insects.
alder (ALNUS spp), or other deciduous riparian shrubs are essential habitat
clements
i During spring, the species is widespread in the valley 1n lakes, ponds and Sinall aquatic invm:brmes in freshwater or
Wilson s Phalz - Ri - X N . Usually nests less than 100
iIsons Pha arape Riparian 1panan - g sded fields. Summer birds are restricted to marshy borders of lakes and |l e envi also some lerestrial Migratory NA o8g y\ 8 than [ GS | S4B [1995] 1995( 2
(Phalarpus tricolor) ground meters from shoreline
ponds nv enebnles
Dunpg summer birds arc widely distributed in the vnl]ey.m moist meadows. L:ats mastly larval msects, but also takes Common Snipes breed
Wilsor's Smpe In winter, they occur along wann, bog-bordered streams in the valley crustaceans, earthw, d mollusks. Stomachs throughout the state. Most
Vlsons Smipe Ground Ground Requires soft organic sol rich in food organisms just below surface, with | Invertivore s, eariwortms, and mofiusks. Migratory NA 1288 8! e VoS G5 | 85 [1991] 2006 | 54
(Gallinago delicata) . . . contain as much as 66% plant material, but wintering records are for
clumps of vegetation offering both cover and good view of approaching rabably little or no energy is obtained from plants western Montana
predators. Avoids marshes with tall, dense vegetation (cattails, reeds, etc.). P v ergy is obtain P :
. . Breeding territones are usually located in nparian habitat or wet meadows . .
s Arb Bees, 3 d R fr bout 0.2 to 2.0
Wilson's Warbler orealACti| G ound  Jwith extensive deciduous shrub thickets. Likes edeges of beaver ponds, lakes|lnvertivore | Do fies. mayfhies, spiders, beetles an Migratory NA 78 enges from about 0.2 to G5 | 558 [1991] 2005 | 349
(Wilsonia pusilla) al caterpillars. Occasionally eats berries. hectares.
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Observatlons in
Habitat Group Lincoln, Co,,
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Common Name Feeding S 218|188l E
(Genus/species) Foraging | Nesting General Habitat Description Guild Food Migration | Longevity Size Home Range = g: s loi= & 2
. Coniferous forest, primanly with dense understory and near water, and in
Winter Wren Ground/Shru {Arboreal - fapen areas with law cover along rock ts, clifts, islands, ar high m. Eats almost entirely insects (beetles, Diptera,
(Troglodytes i pent areas with faw < 8 rocky caasts. Glifts, s.ancs, or Wgh min. |1 oeivore i Y - Diprera, Migratory NA 9g  |NA G5 | s4 [1991] 2005 | 487
| ;“) bs Cavity areas. logged areas with large amounts of slash; in winter and migration also ) and spiders.
Gl in deciduous woods with understory, thickets, brushy fields.
- y Omnivore with a broad diet. Seeds, fruits and Home ranges of of fledged
Wi Duck (- Ri - |Wids 3 \ . bottomlands, sw . . . . .
ovd Duck (A iparian/Gro Arb?rea] ! _evanﬂy of hab“‘?u erecks, nvers, overflow. bottomlands, swamps Omnivore aquatic and terrestrial 1nvertebrates are main foods Migratory NA 68l g broods runge up to 12.8 G5 | S5B|1996] 2006 | 6
sponsa) und Cavity marshes, beaver and farm ponds. .
taken. kilometers.
Yellow Warbler Arboreal/Aeri| Arboreal/ShiFound throughout much of North America in habitats categorized as wet, . Main foods nclude insects and other arthropods. . Breeding termtories are as
. . Invert . . Migratof NA 10 G5 | S5B [1991§ 2006 | 51
(Dendruwca petechia}  |at rub deciduous thickets. Found especially in those dominated by willows. nvervore May take wild fruits occasionally. igratory & small as 0.16 hectares.
Found in low, dense vegetation without a closed tree canopy, including
) . b i o . . . 2
Yellow-breasted Chat Arboreal Arboreal/Sh|shrubby h.abn.al along streamn, swamp, and pond margins; forest edges, Fmgx\forc. AduILs. feed on small mve@ebra(es (mainly insects Migratory NA g Terrttory size averages 1.24 a5 | sselioon| 1993 | 4
(foteria virens ) rub regenetating bumed-over forest, and logged areas; and fencerows and uplandInvertivore  land spiders), fruit and berries when avanable. hectares.
thickets of recentl:
i land B [ wi . ; inw "
Yellow-headed Blackbird| P:;:mly prairic e bl:jl“a:io " in w;l]a:;ls - wnhd Geoni Dunln;g. b;cedlng[s:a.son s:clcmhiclsnm xz(‘]uallc . o L6 kilometers
(Xanthocephatus Ground Riparian quaking sspen parklands, mo n meadows, and arid regions. Scattere: ranivore,  |prey; feeds aquatic insects to nesthngs. Consumes Mgratory NA 80g Forages up to 1.6 kilo Gs | ssefie93| 2006 6
anthocephalus ) colonies occur on forest edges and on larger lakes in mixed-wood boreal Invertivore  [primarity cultvated grains and weed seeds during from nesting area,
4 : forest. the postbreeding season.
Yellow-rumped Warbler JArboreal/Aeri Nests in forests or open woodlands. In migration and winter found in open . Feeds on insects (ants, wasps, 1lys, beeties, .
1 N S 1] 2005 | 1716
(Dendroica coronata)  |al/Ground Arborea forests, woodlands, savanna, roadsides, pastures, and scrub habitat. lnvertivore mosquitoes, etc.), spidets, some berries and seeds. Migratory NA e A G5 | S3B (199 i
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Observation in
Habitat Group Lincoln, Co.,
- -
c| s
g| 3 g |,
| E s & |2
Common Name Breeding, Feeding Migration/ 2 § & ‘g £
(Genus/species) | Foraging| Resting General Habitat Description Guild Food Hibernation | Longevity| Size HomeRange |G| & | © > 2
Adults 16-
23 kg (35-
50 pounds),
Kits 0.5 kg
or less (1
Beaver (Custor L . Ponds, small lakes, meandering streams, and rivers. . variety of woody and herbaceous species. . 11 yearsin |pound) at
canadensis) Riparian Riparian Requires water and associaledgwoody vegetation. Herbivore Willo?vs. mountﬁin alder, and aspe: Nou-migratory wilz birth, when Na G5 55 [1947] 2006 | 4
they are
about 38
cm (15
inches)
long
Dense forests; riparian areas; open slopes or
avalanche chutes during spring green-up (FWP). Grasses, sedges, berries, fruits, inner bark of trees,
Habitat use tied to seasonal food avail./plant insects. honey, eggs, carmion, rodents, occassional
phenology. Dry mtn meadows in early spring, snow ungulates (especially young and domestic), and
. Ground/Shr| slides,stream bottoms, wet meadows early & mid- (where available) garbage. Varies. Spring-- N(')n- . 90 -2
Blad‘. Bear (Ursus ub/Arboreaf Ground [summer. May concentrate in berry & whitebark pine  [Omnivore primarily vegetation (grasses, umbels, & n?lgratory/Seml NA 0- 240+ NA G5] S5 |1917] 2006 | 20
amnericanus ) . . . . . hibernates in kg
t areas in fall. Sympatric with grizzly bear but more horsetails). Summer--herbaceous & fruits. Fall-- winter
prone to occupying closed canopy areas. Natural cub berries & nuts, some begetation. Insects a frequent
and adult mortality low, sub-adult mortality higher. bomponent of diet. Also mammals, birds, &
Dens beneath downed trees, hollow trees, roots or carrion
other shelter.
Utilizes wide variety of habitats; known to be an
animal of "patchy" country. Prefers rimrock and In LA about 5 sq
grassland/shrubland areas. Often found in areas with km for males
dense understory vegetation and high prey densities. and 1 sq km for
Natural rocky areas are preferred den sites May be Snowshoe hares and jackrabbits are the most Non-migratory/ 67~ 15.7 females. In
Bobcat (Lynx rufus ) Carnivore NA active during all hours but is primarily nocturnal. Carnivore  |common prey. Also feeds heavily on medium- NA NA k-g Idaho, home GS| S5 [1997] 1997 |[365
Solitary animal that is difficult to observe in the wild. sized rodents. Will eat carrion. ranges averaged
In Central MT selected for cover types (52+% canopy 42 sq km for
cover) corrected with high prey densities. In W. MT males and 19 sq
den sites within caves, btwn boulders, in hollow logs, km for females
or abandon mine shafts.
Occurs in crevices where there are large amounts of
. Dens - rock [sticks, leaves & other debris used to build nest. L . .
Bushy-ta:let.} Woodrat Ground crevices, [Rockslides, rocky slopes., abandoned homesites. Herbivore Nat selective in its d'ef of fohage,_ fruits and sceds N(.m_ NA NA NA G5| S5 [1975] 2006 { 4
(Neotom. cinerea)) . . of shrubs & forbs, conifer & fungi. migratory/NA
logs badlands. Occas. lodges nest in tree forks high above
ground
. Intermontane valle).ls, open woodland.. subalp.me Grasses, lealy vegetation, and bulbs. May increase
Columbian Ground meadows, ¢ven alpine tundra . Subalpine basins, . .
Squirrel (Spermophilus Ground NA clearcuts, and other disturbed areas. At high Herbivore use of fruits and SCEd_S as season p_rogr?sses. Uses |Non-migratory/ NA 340- 812 g INA G5| S5 {1922] 2006 | 12
columbiunus} elevations. may use rockslides/forage in meadows. N S"Ta" amount of animal mater: insects, fish, Dormacy
Prefers g-lands & sedges. carmon.
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Observation in
Habitat Group Lincoln, Co.,
2 B
sl = g
=4 5] -1 |..
HEHELRRE
Common Name Breeding, Feeding Migration/ 2 % 3 g E
(Genus/species) | Foraging| Resting General Habitat Description Guild Food Hibernation | Longevity| Size HomeRange |G| & | © = 2
Will eat almost anything, piant or animal.
Utilizes aimost any habitat, including urban areas, Emp_hasnes small man_\mals.. fawns, plants, birds,
. g . . and invertebrates. During winter, ofien preys on
where prey is readily available. Prefers prairies, open X
woodlands, brushy or boulder-strewn areas. Coyote deer. Commonly preys on domestic shecp. Non-migratory
Coyote (Canis latrans ) | Scavenger NA . L 15 0¥ Omnivore  |Rodents & rabbits imp. year round. Grasshoppers, NA 9-22kg [NA G5| S5 [1999] 2006 | 3
abundance is tied to food availability. Mainly X . . / NA
- ’ crickets, fruits may be used in summer & fall.
noctumal, true scavenger, territorial. Occupies .
. . Food habits vary bet- ween seasons & areas. May
diverse habitats. M
take adult deer in winter. Young deer, elk, &
pronghorm in spring.
[!‘l vinl'tually all habitats - sagebmsh des.erl, grasslands, Rarely lives
riparian areas, montane, subalpine coniferous forests
. . . . L more than 2
& alpine tundra. Usually not seen in wetlands. In Omnivorous diet although dentition is adapted for .
Deer Mouse Ground-  |forest areas densities peak about 2-5 years after clear: seed eating. Inveriebrates important in warm Non- years in
(Peromyscus Ground ; es p Loy Omnivore £ fmporta ! migratory/No  |wildand  [18-35g |NA Gs| ss |189s| 2006 | 60
. Burrows [cutting, then decline as succession advances. 15 yrs. months, green plant material a minor but important|, . B
maniculatus ) AR . . hiberation from 5-8
after cut. uncut & cut densities similar. On prarie component. Stores some food in burrow ears in
production may be linked to precipitation. Nests in Za tivi
burrow in ground in trees, stumps and buildings privity
- i i -fir forest, alpi . -
Dusky or Montane (;m\u:‘ljh lblrleg,:i:::zi‘:;i:lceB?;eg::a ; :::r‘:llmn:or:t Nf:" ial Similar to other long-tailed shrews: eats mostl Non:
Shrew (Sorex Ground ene ree . ) PP ynottemitortal |y - ertivore | & : Y . NA NA NA GS5| S5 [2006] 2006 | 7
monticolus ) stumps, logs,|First-year animals may not be reproductively active. invertebrates migratory/NA
trees Nests in stumps, logs. beneath trees.
Migratory in
some areas
Mainly coniferous forests interspersed with natural or (Sun River
. X . North . {Males (315
man-made openings (mountain meadows, grasslands, Grasses, sedges, forbs, deciduous shrubs 14 years in X
Ground/Gr burns, and logged areas) (FWP). Varies btwn pops. & (especially williow and serviceberry) and young Yellowstone) the wild (25 450 ke;
Elk (Cervus canadensis) NA T R § . Pops. Herbivore . moving X Females NA G5| S5 [1977] 2006 | 5
azer areas. Basic habitat components: securi ty, shelter trees (especially chokecherry and maple), some between years in (225-270
(may use to maintain thermal equil.) & forage prod. conifers (FWP). Varies between ranges. captivity) |~
S . . seasonal kg)
Moist sites preferred in sum.
ranges, non-
migratory in
others.
N . Fishers are non-
Although they are primarily terrestrial, fishers are well .
A S . migratory, but
adapted for climbing. When inactive, they occupy Mammals (small rodents, shrews, squirrels, hares, may make Males (2.7 -
dens in tree hollows, under logs, or in ground or rocky muskrat, beaver, porcupine, raccoon, deer Y m ’
. . . L . . . L extensive More than 9]5.4 kg);
Fisher (Muries . Ground/Arb |crevices, or they rest in branches of conifers (in the . carrion); also birds and fruit. Snowshoe hares are .
. Carmivore . IR Carnivore . . . . movements up |years in Females G5| S3 {1965] 1992 | 18
pennanti ) oreal warmer months). Fishers occur primarily in dense an important dietary item for fishers in Montana, . -
. . . . . . . L L to a maximum [captivity (14-32
coniferous or mixed forests, including early as is deer carrion. known for their skill at killing of 40 ke)
successional forests with dense overhead cover. Dens porcupines . . &
in hollow tree or on ground kilometers in 3
in hollow tree or on g days/ NA
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Observation in
Habitat Group Lincoln, Co.,
[+ E g [
S| %] & (2
Common Name Breeding, Feeding Migration/ 21 2|3 'g £
. . . . . . . f . . 2l e} =2
(Genus/species) | Foraging]| Resting General Habitat Description Guild Food Hibernation | Longevity| Size HomeRange || & | © = |2
Occurs throughout the montane and subalpine forests.
Squirrel (Spermophilus | Ground ! ind talus siopes) is present. It will range above Omnivore | oceds. fruits. insects, eggs, meat (Burt an ON-IIETALORY/ 170-276 g [NA G5| s4 |1966] 1966 | 2
tateralis ) Burrows  [timbertine and even (in summer at least) into alpine Grossenheider, 1952) Hibernates
tundra. Short, simple, concealed burrows--entrance
near rock, stump, log, or bush
No particular habitat preference except for the .
. s . Not migratory
presence of native ungulates within its territory on a - . .
. - . Opportunistic carnivores that predominantly prey [but may move
year round basis. Wolves establishing new packs in . . :
on large ungulates. Main prey in Montana include |seasonally
Gray Wolf (Canis Montana have demonstrated greater tolerunce of deer. elk, and moose. Also alternative prey, such  |following
Carnivore NA human presence and disturbance than previously Carnivore o e . 7 . NA 31.5- 54 kg{NA G4| S3 |1974] 2000 | 47
lupus ) Lo . as rodents, vegetation and carrion. Hunt in packs, |migrating .
thought characteristic of this species. They have 3 .
. L but lone wolves and pairs are able to kill prey as  |ungulates
established territories where prey are more abundant i
. . g large as adult moose. within its
at lower elevations than expected, especially in .
. territory.
winter.
No true
migration
occurs,
although
In Montana, grizzlies primarily use meadows. seeps, grizzly bears
riparian zones, mixed shrub fields, closed timber, large vegetative component (more than half) to  |often exhibit 25 years or
Grizzly Bea.r ‘L_/r.ms Ground/Shr NA open limber.lsidehill plarks. snow lchules, C\ll1d alpine Omnivore I}Teir_diel and have evolved longer claws for discrefe mo:e in 1-46 -282 NA G4|s2s3l1912] 2003 | 14
arctos horribilis) ub slabrock habitats. Habitat use is highly variable digging and larger molar surface area to better elevational captivi kg
between areas, seasons, local populations, and exploit vegetative food sources movements plvity
individuals from spring to
tall, following
seasonal food
availability/
llibernates
Most common in subalpine spruce-fir forest w/
evergreen shrub ground cover, also in timberline
krummbholz, alpine tundra. Sometimes in montane
leather Vole Ground- ell ine-d fir forests w/ bearberry-twinfk Non-
(Phenacomys Ground yetiowpine-coug Tir forests wi bearberry- tWINOWEr 1, jerbivore [ Twigs, berries _ NA NA NA Gs| sa |1948| 2006 | 15
N Burrows |understory. Winter nest is a hollow sphere of twigs & migratory/NA
intermedius ) . . R .
lichens about 6 inches diam., above ground in
protected spot. Summer nest 4-10 in. underground
(Banfieid 1974). Does not tend to construct runways.
I L | i ighi i .
tHoary Mamlo. Ground NA Ta us s!upes, alpine meadows, high in mountains near Herbivore  |herbs, grasses, sedges Ilibernates NA 3.6-9kg INA G5|5354]1949] 2006 | 12
(Marmoia caligata ) timberline
Riparian valley bottoms to alpine tundra, sagebrush-
grassland semi-desert to subaipine coniferous forests.
Long-tailed Vole Ground | Ground- |in foresied areas may not make runways. Subordinate |1 oo oo |ragses, bulbs, bark of small twigs. NA/NA NA 37-57g  |NA Gs| sa [189s| 1993 |13
(Microms longicaudus ) Burrows  |to other species of voles. Streambanks and
occasionally in dry situations. Nests above ground in
winter and in burrows in summer.
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Observation in
Habitat Group Lincoln, Co.,
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Common Name Breeding, Feeding Migration/ 2122 ‘g E
- . N . L . . . . . Ll =22
(Genus/species) | Foraging| Resting General Habitat Description Guild Food Hibernation | Longevity| Size HomeRange ([ | & | © = 2
Found in almost all land habitats near water. 1las the
broadest ecological and geographical range of the
North American weasels. Prefers areas with abundant
prey. Avoids dense forest, most abundant in late seral
ecotones. Primarily nocturnal, but sometimes active More of a generalist than the short-tailed and least on Males (198
Long-tailed Weasel . Ground-  |during the day. Quite fearless and curious. Mainly . weasels. Feeds mostly on smalt tnammals up to . 340 g);
. . . . L . . tory/N NA NA 44 1992
(Mustelu frenata) Camivore Burrows |terrestrial but can climb and swim weil. Nests in old Carnivore rabbit-sized, but eats birds and other animals as n?ngra orly o Females G5| 85 |1940] 199 3
. . . hibernation
burrows of other animals . Occupies a diverse range of] well (85- 198 g)
habitats. More prone to open country and forest
openings than M. erminea . Common in intermontane
valleys and open foresets where M. erminea is absent.
May occur up to alpine tundra
The primary winter food for lynx throughout their
range is the snowshoe hare, comprising 35 to 97% |Non-migratory,
Subalpine forests between 1,220 and 2,150 meters in of their diet. Red squirrels are also an important  |but movements
stands composed of pure lodgepole pine but also prey item, particularly when snowshoe hare of 90 to 125
Lynx (Lyns canadensis )| Camivore NA mixed stands of subalpine fir, lodgepole pine, Douglas Camivore populations are reduced. Surnmer dlelsl are not as_ miles have been NA 6.7-13.5 NA ast s3 hoail 2005 1215
fir, grand fir, western larch and hardwoods. In well known but are probably more varied. Lynx in [recorded kg
extreme northwestern Montana, primary vegetation Montana probably prey on a wider variety of between
may include cedar-hemlock habitat types species throughout the year because of generally |Montana and
lower snowshoe hare densities and available Canada / NA
alternate prey
Primarily a boreal animal preferring mature conifer or Opportunistic feeder that primarily feeds on small Males (754
. g mammals. Meadow voles and red-backed voles
Marten ( Martes mixed wood foresis. Severe forest disturbance can were staples in Glacier NP. Also used Cricetidae, |Non 17 years in 1248 g);
] Camivore NA significantly reduce habitat value. Uses deadfall and  [Carnivore | stapie . - - e Females |NA G5 S4 11945] 1966 | 78
americana)) . L R ljumping mice, shrews. ground squirrels, and migratory/NA  |captivity
snags as den sites. Spends much time in trees but will A ) . (681 -851
snowshoe hares. Use of birds, insects, and fruit
also forage on the ground. f g)
variable by season.
Coniferous forest. In western Montana, where S.
. ) vagruns also occurs, S. cinereus is usually restricted . .
Masked Shrew (Sorex Ground Ground  |to drier coniferous forest habitat. Moist situations in  |Invertivore Invertcbrates, sal_am_ande'rs, s_mall mice. [n winter, Nr'm NA 3-6g NA G5| S5 [1966] 2006 | 16
cinereus) seeds may be main item in diet. migratory/NA
forests, open country, brushland. Nest of dry leaves
or grasses, in stumps or under logs or piles of brush.
Wet grassland habitat but not above timberline in
grassy alpine tundra. Where M. montanus not present, Grasses, sedges & herbaceous plants. May use
ficr M. pennsyvanicus may inhabit drier grasslands. fungi, particularly endogone. Will use insects.
Meadow V(_:Ie (Microuus Ground Ground Makes extensive runways. In E MT mean home range [llerbivore  |Occasionally will use carrion. Reported to feed on o l t© 3 YEIS 1rg - 70 g INA G5} S5 |1895] 2006 | 57
\pennsvivanicus ) Burrows . . migratory/NA  |in wild
was 0.13 ac. for females. 0.14 ac. for lactating apple trees (bark and vascular tissues of lower
females, 0.23 ac. for males (McCann 1976). Low trunk and roots)
longevity, high juvenile mortality.
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Observation in
Habitat Group Lincoln, Co.,
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Common Name Breeding, Feeding Migration/ 2 %f 2 ‘g 5
(Genus/species) | Foraging| Resting General Habitat Description Guild Food Hibernation | Longevity| Size HomeRange |G| £ | 5| = |2
Usually found along streams and lakes. Commonly
occurs in marshes and beaver ponds. Permanence of
waler and dependable source of food are most Non-migratory. Males (681
important habitat components. Often uses den sites of Preys primarily on small mammals, birds, eggs, |Males make ) 33625 ()
Mink (Musiela vison ) Riparian Ground other animals and is commonly found in association Piscivore frogs, and fish. Its diet is almost entirely animal. |extensive NA Femalges‘ NA Gsl ss5 |i93sl 1943 | 2
P with muskrats. Semi-aquatic forager. Can kilf prey During summer preys on waterfowl. Order of movements and (567 - 1089 )
larger than itself. Chiefly nocturnal, territorial, and importance varies. juveniles )
secretive. Dens underneath piles of brush or disperse / NA Y
driftwood, under rocks, in hollow logs, and in houses
or dens abandoned by beavers or muskrats.
Often uses
separate
Browse, including large saplings; aquatic summer/winter Males
Variable; in summer, mountain meadows, river e elali'on (prf' V;g' s ;’lwngn'mqes Winter: :‘ m 20 or more (382.5-
Ground/Gr valleys, swampy areas, clearcuts; in winter, willow . B! . - vane Bes. N g MOTE 143 kg);
Moose (Alces alces) i NA R X . Herbivore  |willow, servicebry, chokecherry & redosier Movements years in the NA G5 S5 [1977] 2006 (10
azer flats or mature coniferous forests; best ability of any . . o s Females
Montana ungul iate d dogwood. Spring/sum--incr. forb use (up to70% offprompted by  [wild 570 .
gulate to negotiate deep snow ) (270 -360
diet). Some pop.s use aquat. veg. overall temperature & ke)
snow depth/ No &
hibenation
Mountain Cottontail Primarily dense shrubby undergroth, riparian areas in Sagebrush may be a principal food. Grasses also a |Non-
(Svlvila |’ 5 nuttallii ) Ground NA Cen- tral and Eastern MT. In mountains, it uses Herbivore  |preferred food. Juniper sometimes used. May migratory/No  |NA 0.7-1.3 kg |[NA G5{ S4 |NA |NA NA
- 8u shrubby gulleys, and forest edges. prefer grasses in spring and summer hibernation
Mostly mountains and foothills, but any habitat with
sufticient food, cover and room to avoid humans. In Deer, ik, and pocupines most important in
_ o hi . s ek, ~
Mountain lion (Punia Carnivore NA W MT spring-fall ranges & hlgller elev than winter Carnivore  |Montana, but may take prey ranging in size from N(_m NA 36-90kg |NA GS5| S4 |1975] 2007 |182
concolor} areas. Cover types in winter: 42% pole stands, 30% erasshoppers to moose (FWP) migratory/NA
selectively logged (pole or mature), 18% seral & PP :
brushfields
Grasslands interspersed with brushy coulees or :‘::ﬁ:‘:? n Normal in N:;:)els\_g6"
Mule deer (Odocoileus | Ground/Gr breaks; riparian habitat along prairie rivers; open to . Bitterbush, mountain mahogany. chokecherry. o . .
R . 4
hemionus ) azer NA dense montane and subalpine coniferous forests, Herbivore serviceberry. grasses and forbs Lot;t_l:;lll/ No w':ld 16 (F:Smaéz;ss NA G5 5 [1977f 1978
aspen groves (FWP). Varies between areas & seasons. a 1atss years o
hibemnation kg)
Marshes, edges of ponds, lakes, streams, cattails, and
rushes are typical habitats. An essential habitat
ingredient is water of sufficient depth locity Lo . . .
::'E:/inlfz'e::z:lz e;;)e :::e:et:i: oflferb:Z::uzc' vl Primarily herbivorous and will eat virtually any
. § s L vegetable matter. Utilizes shoots, roots. bulbs, and
vegetation, both aquatic and terrestrial, is another leaves of aquatic plants, Cattails and bulrush are
Muskrat (Ondatr. . L tial ingredient. 1 eral, h flexibl . o . - - 1
uskral | Cndatra Riparian Riparian gssenuial ingredient. fn general, has very exll? ¢ Herbivore  [preferred foods. Will also consume cultivated N(.m NA 08 - 1816 NA G5| S5 |1940] 2006 | 3
zibethicus) habitat requirements and often coexists in habitats o . ill eat animal matter. Food i migratory/NA 2
used by beavers (FWP). Lentic or slightly lotic water crops. Ln occasion witl eat anima matler. rooq 1s
ining vegetation. Typha spp. (cattails) & Scirpus stored in the burrow or den and during winter may
8 - Typha spp. P even eal part of its own lodge
spp. (bulrushes) usually present. Constructs bank
dens. lodges, feeding huts, platforms, pushups &
canals




Ead Bed EBad Bd Bd kA B4 B4 v 8 L oA L oA A X 03

Attachment A-3. Mammalian Species Occuring within the Libby OU3 Site

Page 25 of 32
Observation in
Habitat Group Lincoln, Co.,
] -
=
gl % g
Xl = - -
F|E )z 2 )2
Common Name Breeding, Feeding Migration/ el 2y g E
N . = . N N » » . - . — 8 —_—
(Genus/species) | Foraging| Resting General Habitat Description Guild Food Hibernation | Longevity] Size HomeRange || & | © s |2
Wolverines e imited u.) alp!ne tum_ifa. and 'boreal Wolverines are opportunistic. They feed on a wide [Wolverines in
and mountain forests {primarily coniferous) in the . . o
. . . variety of roots, berries, small mammals, birds northwestern
western mountains, especially large wilderness areas. R -
. . . eggs and young, fledglings. and fish. They may Montana and
They are usually in areas with snow on the ground in .
. . X P N . attack moose, caribou, and deer hampered by deep jAlaska tend to
North American Caves/Cavity)winter. Riparian areas may be important winter snow. Small and medium size rodents and carrion loccupy higher More than
Wolverine {Gulo gulo Carnivore |/Ground/Roc]habitat. When inactive, wolverines occupy dens in Omnivore " Py gt ISyearsin [7-32kg |NA G4| S3 |1938] 1995 | 56
. g (especially ungulate carcasses) often make upa  |elevations in ..
luscus) k caves, rock crevices, under fallen trees, in thickets, or X N captivity
. . . - . large percentage of the diet. Prey is captured by  [summer and
similar sites. Wolverines are primarily terrestrial but . . A
. 3 . pursuit, ambush, digging out dens, or climbing lower
may climb trees. In Montana, most wolverine use in : . L
. . . into trees. They may cache prey in the fork of tree [elevations in
medium to scattered timber, while areas of dense, .
. branches or under snow winter / NA
young timber were used least.
Montane and subalpine coniferous forests. Also in
. . riparian Cottonwood forests. Nests are constructed Seeds, fruits. flowers, insects, tree sap, fungus.
Northern Flying Squirrel ) . . . .
. Arboreal Arboreal |either within natural cavities or abandoned Omnivore Perhaps eggs and meat. Non-migratory |NA 113-185g [NA G5 S4 [1941( 1969 | 5
(Glaucomys sabrinus) . .
. woodpecker holes in dead standing trees, or they are
built over limbs or within witches' brooms
Northern Pocket Gopher Ground Cuitivated fields and prairie to alpine meadows. lfo:ﬁif:
¢l - . i . .
i P Ground Avoids dense forests, shollaow rocky soils and areas |Herbivore  |underground plant parts Non-migratory . NA G5| S5 |1966] 1966 | 1
(Thomomys tulpoides) Burrows . average in
with poor snow cover. :
wild
Talus slides, boulder fields, rock rubble (with Non
Pil'(a (Ochotona Ground NA interstitiak spaces adeq. for habi.lalion) n.ear mea(linws_. Herbivore Animals feed on hay individually, stored in small Mmigratory/No Maximum 7 113-180g 0.3-0.5 ha and Gs| s4 li9ao] 2006 | 12
princeps ) Usually at high elevation but mid elevation possible if clumps under rocks, boulders. hibernation yr mean 0.26 ha
suitable rock cover and food plants present
. In winter uses cambium, phloem, & foliage of Non-m|grz‘nory.
Common in montane forests of Western Montana, R [n mountainous
. . Dens - rock . . woody shrubs & trees--Ponderosa Pine, Lodgepole|
Porcupine ( Erethizon Ground/ . also occurs in brushy badlands, sagebrush semi-desert . R - X areas seasonal 4.5-12.7
crevices, . Herbivore  |Pine, perhaps spruce & fir. In spring & summer i . NA NA GS| S4 |1817] 1966 | 3
dorsatum) Shrub and alon streams and rivers. Rockfall caves, ledge . alti- tudinal kg
trees ) uses reprod. parts & foliage of aspen, forbs, o
caves, hollow trees, or brushpiles for dens, . migration may
grasses, sedges & succulent wetland vegetation
occur
Pyg'my Shrew (Sorex Ground Ground/Cavi|Dry, open coniferous forests (ponderosa pine, western invertivore | Primarily on invertebrates N(l)n- NA .48 NA Gs| sa [1978] 2006 | 4
hovi) ty larch) migratory/NA
[nhabits stream and lake borders near wooded areas or
rocky cliffs. Most abundant in riparian and wetland Non-mierato
Raccoon (Procyon - habitats. Uses hollow logs, trees, and rock crevices as . Carrion, mamumals, birds, repliles, insects. gratory 900 - 1130
Riparian NA . . X R Omnivore s . . / No NA NA
lotor ) den sites. Forested riparian habitat--river & stream amphibians, grains, nuts, and fruits. hibernation g
valleys. Although tree dens are most common,
burrows & crevices, etc. also used.
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Observation in
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Common Name Breeding, Feeding Migration/ 2l el ‘g E
: N . P A . . . . - ] = El
(Genus/species) | Foraging [ Resting General Habitat Description Guild Food Hibernation | Longevity| Size |HomeRange |3 | Z |S [ = |Z
Wide range of habitats. Often associated with
agricultural areas. Prefers mixture of forest and open
country near water. Uses dens for shelter during, Opportunistic predator that sometines eats
severe weather and when pups are being reared. carrion. Preys on small mammals, birds, eggs,
Usually uses dens made by other animals. Seldom game birds. Varies according to avail. in W. MT. Non-migrato
Red fox (Vufpes vuipes ) | Camivore |  Ground  [found far trom permanent water. Thrive in bushy Camivore  1During spring: microtus spp.. birds, muskrats, I NA oY INA 18 -31.5 kg|NA
successtonal area where small mammals are most rabbits, gmd squirrels, deer carrion (in decreasing
abundant. Occupies diverse habitats. In forest order of importance). In winter microtus spp.,
situations uses edge. Burrow den-sites comprised of birds, N. pocket gophers. Also uses vegetation.
sub-dens (10-40 holes). Some dens in open and some
in brush.
Most common in Montane (Yellow Pine and Douglas Conifer cone crops, including serotinous cones.
Red Squirrel Fir) and subalpine (subalpine fir--Englemann Spruce) Opportun- istic. Uses terminal buds, seeds, sa Non-
(Tamiasciurus Ground NA " Suba’p P Engle >P Herbivore |, PP | Vses - 8645, 8P, igratory/No  [NA 198-250 g [NA G5| s5 {1945] 2006 | 19
X forests in W. MT. Annual fluctuations in density are berries, bark of a variety of plants. Also uses . A
|fudsonicus ) S . . . hibemation
large. Correlated with size of seed and cone crops fungi. Occasionally camivorous
Red-tailed Chipmunk Coniferus forests, talus slides, mountains up to Primarily seeds and fruits. Leaves and flowers in
N e N P Arboreal NA timberline. Most abundant in edge openings. Herbivore spring, less so in summer. Occasionally uses Non-migratory |NA NA NA GS| S4 [1949] 1978 | I3
(Tumias ruficaudus ) . ! .
Sometimes ranges into alpine arthropods
Inhabits brushy or wooded areas, usually not far from
water. Tends to avoid dense forests. Prefers areas with Weasels prey on a variety of small mamumals and
high densities of small mammals. Most abundant in . prey on a variety o1 s Males (71 -
Short-tailed Weasel Ground-  |ecotones. Mostly nocturnal but will hunt during the birds, they specialize in hunling voles. Mostly Non- 170 g);
) Camivore ; ' y . Carnivore  [smalt warm-blooded vertebrates, primarily migratory/No  [NA * NA GS5| S5 |1939] 1969 | 4
(Mustela erminea)) Burrows  [day. Active throughout the year. Dens in ground - R . ; Females
. e cricetidae. Hunts under snow in winter. Females |hibemnation
burrows, under stumps, rock piles, or old buildings. In R (28 - 85g)
generally eat smaller prey. May use invertebrates.
Montana apparently prone to montane forest
associations.
- - i : 2 Few li
Snowshoe |lare (Lepus In W. MT, apparently preferred fairly dense stands of i[::llel% 2:’nngr:-lsnlllrn:l‘:Jrs ::Zlb:oe::gligr:l?ss:)n‘irzl d Non- me(::e Il::n 3
X o P Ground NA young pole-sized timber with some use of more open |Herbivore i o migratory/No . 09-1.8kg |NA G51 S4 [1986] 1986 | 1
americanus ) X needles. Occ y T feces. Sc . . years in the
stands. openings. and edges. hibemation .
eats sand wild.
Common in dense subalpine forests, also occurs in
Southern Red-backed “‘r‘:eo‘}l’:“;:l‘:e?l zp\;si\:;e;: ITI::i:):de;a‘ctﬁa:vaed Vegetalive porti f plants, nuts, seeds, berries, |Non:
Vole (Clethrionomys Ground | Ground [P nin - op fuctuate. —ye bivore getative portions of plants, nuts, seeds, " NA 14-40g [NA Gs| s4 [1949 2006 |35
spperi) Typically does not construct runways. Simple globular mosses, lichens, ferns, fungi & arthropods migratory/NA
gapper nests (75-100 mm. diam.), lined w/ grass. stemns,
leaves or moss.
Variety of habitats including semi-open country,
mixed woods. brushland. and open prairie. Most
abundant in agricultural areas where there is ample Omnivorous, eating more animal than plant Non-migratory
i k Mephiti; i g i . . - ti iti i ies. §
Smpe.d Skunk (Mephitis Ground Ground/Cavi|food gnd cover qually absent where water table is Omnivore matter. Propor: uonall composition of diet varies. |, o NA 27-6.3kg |NA Gs| ss 1sos| 1999 | 3
mephitis ) ty too high for making ground dens. Forest edges, open Small mammals, reptiles, amphibians, berries, hibernation
woodland, brushy grassland, riparian vegetation, fruit, garbage, cariion, bird eggs. & arthropods.
cultivated fands. Dens in ground burrows, beneath
abandoned buildings, boulders, or wood, or rock pites.
At elevations below 5000 fi, usvally Doug. Fir,
. Lodgepole Pine, W. Larch, Grand Fir, W. Red Cedar Insects, annelida, shrews, vegetable matter, insect Few live
Vagrant Shrew (Sorex - L . . Norn-
. Ground NA forests. Often found in moist sites. Marshes, bogs, |Carnivore larvae. Also uses plant seeds, carrion, and some X morethan [7g NA G5| S4 |1895] 2006 | 39
vagrans ) . migratory/NA
wet meadows, and along streams in forests. Uses mushrooms 16 months.
echolocation to orient in darkness.
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Common Name Breeding, Feeding Migration/ = g 2 § =
(Genus/species) Foraging| Resting General Habitat Description Guild Food Hibernation | Longevity Size HomeRange ([ | & | © = 2
Streamside habitat in coniferous forests, particularly
Water Shrew (Sore in or under overhanging banks or crevices--good Aquatic insect larvae, also some vegetable matter, Non-
rew Larex Riparian Ground |cover. However, also found in seasonal streams and  [Invertivore  |oligo- chaetes, other shrews, arachnids, and small © NA 9-14g NA G5] S4 |1966] 1992 | 4
|palustrisa . . . migratory/NA
small seeps. Also above timberline. Nests of dried fish
sticks and leaves.
i~ ic. tr i Ipi . - .
Se'.m aquatic. Near streams & lakes in .SUba pine and Possible heavy use of graminoids. Composite data
. alpine zones. Normally above 5000 ft. in western X .
Water Vole (Microtus L Ground- R . . from a variety of areas suggest forbs & willows  |Non-
. ] Riparian Moist grass & sedge areas, streamside Omnivore - . X NA 71-100g INA G5 S4
richardsoni) Burrows | . . also eaten. Use of vaccinium, erythronium bulbs, |migratory/NA
ks overhung w/ willows. Burrows, runways i .
N ) 3 conifer seeds, insects
& cultings are conspicuous in summer
As long as 6
tall grass along streams. with or without a brush or years in
tree canopy. Also dry grasslands in N. Central MT. wild if
Mesic forests with sparse understory herbage in W. survive first
Westem annping Mouse Ground Ground MT. From valley floors to Fimberline & alpine wet lerbivore  |Seeds N_on-migratory/ hibe{'nation 18 to 37 NA Gs| sa |ioa9| 2006 | 17
(Zapus princeps) sedge meadows. Nests are in mounds or banks Ilibemates (half of all |grams
elevated above surrounding ground (well-drained) juveniles
usually 2 feet underground, shredded vegetation die during
insulative core. first
hibernation)
River and creek bottoms; dense vegetation at higher Leaves, twigs, fruits, and berries of browse plants
. . . I . Uses summer
elevations; sometimes open bitterbush hillsides in such as chokecherry, serviceberry, snowberry, and range, winter Males (33.7
White-tailed deer Ground/G winter (FWP). In W MT mature subclimax coniferous dogwood; some forbs during summer (FWP). range'in W MT Upto 16.5 |- 180 kg):
(Odocoilcus azer r NA forest, cool sites, diversity & moist sites important in |Herbivore  [Browse most imp. statewide - yr. round, mag be 8.69-15 |64 in the |Females NA GS5| S5 |1978] 2006 | 3
virginianus} summer (Leach 1982). In winter prefer dense canopy particularly so in winter. Graminoid use increases miya an. wild. (22.5-
| , moist habitat types, uncut areas & low snow in spring, forb use in late spring & sometimes in - apart. 112.5 kg)
depths (Bemer [985). fall.
Open stands of ponderosa pine and Douglas fir. Nest
Yellow pine chipmunk Ground- |chamber in burrow averaging 11 inches below surface Non-migratory/ 3 years or
. Ground . .. |UHerbivore  |Fruits and seeds and a few insects . more in the |38 - 71 gran|NA G5] S5 |1860] 2006 | 10
(Tumias amoenus ) Burrows |Open coniferous forests, chaparral, rocky areas with Hibernates wild
brush or scattered bines. burmed over areas.
Semi-fossorial. Inhabits talus slopes or rock outcrops .
. Non-migratory.
in meadows. Abundant herbaceous & grassy plants lthough
nearby. Rocks support burrows & serve as sunning & . Houg
. Dens - Talus X R )y Grasses, flowers, forbs—in late summer eats seeds. |dispersal
Yellow-bellied Marmot | Ground/Ro observ. posts. Avoids dense forests. Rarely in holl riv . .
. . slopes, rock Herbivore  {Mode- rate grazing by ungulates may favor movements NA 22-45kg{NA G5 S4 [1949] 1949 | 3
(Marmota flaviventris) | ck Slopes bot fld pIn c-wood trees. Occurs from valley bottorns i
outcrops . . i . marmots. Likes alfalfa may be
to alpine tundra where suitable habitat exists. Where
. . . observed/
Marmnotu caligata occurs, M. flavi - ventris is B
. . Hibernates
restricted to lower elevations.
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Common Name Global| State Most
(Genus/species) General Habitat Description Food Habits Rank | Rank | Oldest| Recent | Number
Black Bullhcad Turbid. mud bottomed lakes and ponds: also pools and Omnivorous. Mostly aqualic insccts, crustaceans,
. ey backwalcrs of streams. Tolerates high water temperatures and  [niollusks, fish, and vegetation matter. Young fecd dunng Gs SNA | 1996 1996 1
(Ameirurus melas } B
low levels of dissolved oxygen. day, while adults feed at might.
Brook Trout Prefers small spring fed streams and ponds with sand or gravel  |Feed mainly on aquatic insects and other small aquatic
) - botion: and vegetation. Clear, cool water . Spawns over gravel in |invertebrates throughout life. Larger individuals may eat G5 SNA 1960 2006 86
(Salvelinus fontinalis ) . X X .
cither streams or lakes with percolation:spring areas in lakes. small fish
v it f1 i dients are low and s
alley portions of larger rivers where gradic v an Feeds largely on underwater aquatic insects. Also uses
Brown Trout (Sa/mo {Summer temperatures range from 60-70 degrees F. Also . .
o . X . . many other small organisms available and large G5 SNA | 2006 2006 2
trutta } reservorrs and lakes at similar elevation with suitable spawning |, .7,
wrib individuals eat many smal] fish
Sub-adult and adult fluvial buli trout reside in larger streams and
Bull Trout ivers and s flcr tributary streants, whercas adfluvial
(Salvelinus rivers ang spawn in smatler (riu ary sireanis, .| Young feed on aquatic insccls. The adulls are piscivorous. G3 S2 1960 2004 40
bull trout reside in lakes and spawn in tributancs. They spawn in
confluentus ) .
headwater strcams with clear gravel or rubble bottom.
Burbol (Lota fota ) Largc rivers and cold, §wp lakes and reservoirs. Spawn in You.ng feed on aqualic invertebrates. Adults are Gs SNA 1993 1993 1
shallow water, usually in rocky areas. piscivorous
Channcl Catfish Prefers large rivers and lowland lakes. Thrives at water Onnivorous feeder. Uses almost any living or dead
. . G5 S5 2006 2006 1
Uctalurus punctatus ) temperatures above 70 degrees. Tolerales turbid water. orgamisms available.
Primarily lakes and reservoirs, moderately warm water and
Common Ca shallows. Also nivers, pools and backwaters. Congregales in An ommivorous feeder with vegetation and detritus
(Cyprinus ca‘:-'prio ) areas of organic cnnichment. Tolerates furbid water and low making up bulk of diet. May feed on any available aquatic | G5 SNA | 2006 2006 2
P P dissolved oxygen; avoids cold and swift, rocky streams. Spawns |organism including eggs.
in shallow weedy arcas
Fathead Minnow .Hn:xl:IIl]s ‘I:’lghlyd:ar;.aglc"bu;sfo:nd molslly |:|ostr.r:;lllr::1|;:1d creeks)
(Pimephales and shallow ponds ot tlalfands. Very 1oleran . Variety of minute aquatic plants and animals. G5 | S485 | 1998 1998 |
promelas) conditions found in a prairie environment ( turbid water, high
temperature, and low dissolved oxygen).
Kokanee Salmon Cold, clear lakes and reservoirs and Kokanee Salmon are found | The dict consists mostly of plankton. Micro-crustacea are
(Oncorhynchus at all depths. They spawn over loose rubble, gravel, and sand in [most important, bul midges and other aquatic insccts are Gs SNA | 2002 2002 !
nerka ) lower portions of tributary streams or along lake shores often taken
Largescale Sucker . . . . .
(Catostomus Found in both streams and lakes. Spawns in gravel riffles with Almost any available organism found on the substrate G5 S5 1993 2003 3
) strong current or along lake margins
macrocheilus }
Lon.gx?osc Dace Habitat variable. Found in lakes, streams, springs. Preferred Eats mostly immature aquatic insects picked off the rocks.
(Rhinichthys L R G5 Ss 2000 2006 8
habitat is riffles with a rocky substrate Small amounts of algae and a few fish cggs are also eaten
cataraciae )
Longnose Sucker Cold, clear streams and lakes: somctimes moderately warm Considerable alaae. midge larvac, and . "
(Catostomus waters and turbid walers. Spawns over loose gravel beds in riffle|, \coravle algae. mids » and most aquatic GS S5 1996 2006 3
invertebrates
catostomus ) arcas.
Variety of immature aquatic organisms, but midge and
Mottled Sculpin Prefer riffle areas of fasl-flowing streams that are clear and have |acddis larvac are by far the mosl important. A study in
o . ! GSs S5 1953 1991 5
(Cottus bairdi ) rocky botloms. southwest Montana showed bottom-dwelling aquatic
insects comprising 99.7% of the dict.
M in Whitefish  {Medium to large cold mountain streams. Also found in lakes and [Mosltly on aquatic insects but also takes terrestrial insects
(Prosopium reservoirs. Normally a stream spawner in riffles over gravel or  [which fall into water. May eat fish eggs. but rarely fishes G5 S5 1969 2006 14
williamsoni ) small rubble but has been seen spawning along lake shorelines.  |Feeds actively in Winter. Zooplanklon important in lakes.
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Observation in Lincoln,
Co., Mont
Common Name Global| State Most
(Genus/specics) General Habitat Description Food Habits Rank | Rank | Oldest| Rccent | Number
Northern Pikeminnow |Prefers lakes and slow - flowing streams of moderate size. Most kinds of aquatic inveriebrates. Adulls frequently eat
(Prychocheilus Young usually school in shallow water near lake shores and in  |small fish. Considered a serous predator on young salmon| G5 S5 1952 2006 3
oregonensis ) quiet backwaters of streams and trout
Peamoulh Young feed mainly on micro-crustaccans. Aduls eat
(Mylocheilus Shallow weedy zones of lakes or rivers. micro-crustaceans, snails, adult aquatic and errestnial GS S5 2006 2006 ]
canrinus ) insects. Occasionally smalt fish.
n : B
Rainbow Troul Cool clean strcams, lakes. res.. farm ponds. Able to withstand the;dl ni:‘:llz od" Tgu:l:: ;:S;e;:b;i::: Whalll:"::‘ilik;l:lm
(Oncorhynchus wider range of lemperatures than most troul. Spawns in streams |, £ acuw o popu S mosty G5 S5 1976 2006 80
. insect ealers while zooplankton and forage fish are
rmykiss ) over gravel beds. X
important m Lake Koocanusa.
Redside Shiner .
(Richardsonius Lakes, ponds, and larger rivers where current is weak ot lacking, | 2418 foed mainly on plankion and adults cat mostly Gs ss | 2002 | 2006 4
aqualic insccts and snails.
balteatus )
River Carpsucker Reservoirs and the pools and backwaters of rivers. Spawn in Mostly diatoms, desmids, and filamenlous algae. Also
N . D G5 S5 2006 2006 1
(Carpiodes carpio )  |larger streams with backwater areas. aqualic invertebrate larvac.
Shmy Sculpin Rocky nffles of cold, clear streans, but it is sometimes found Moslly immature aqualic insects and mvertebrates, but
> my P along the rubble beaches of lakes, cspecially near the mouths of | " 4 R ) GS S5 1950 2006 58
(Cottus cognatus ) . also includes any small fish available
inlet streams
Prefers clear cool waler and rocky substrates in both rivers and  |Feeds on most available item. Fry fecd on zooplankton
Smallmouth Bass . . . .
¥ lakes. In streams, it prefers riffle areas with clean bottoms. In and small mayfhies. Adults feed heavily on fish, frogs. and
(Micropterus X . X . GS SNA | 2006 2006 2
; lakes, it prefers rocky shorelines, reefs, out- croppings, gravel aqualic invertebrates. Scems to prefer crayfish, 1f
dolvmieu ) .
bars, etc. available.
. 1] L Ls fe i ic
Torrent Sculpin Riffles of cold, clear sireams. but are also taken in lakes. They The fry eat mostly planl.\‘lon Adults focd mam!y on aquatic
N insects and a vanety of invertebrates, but also include Gs S3 1950 2006 89
(Cottus rhothens ) hide near slones on the bortom. T N
plankton. Larger individuals often eat small fish.
Spawning and rearing streams tend to be cold and nutrient poor.
Westslope Cutthroat Seek.g.ravel substralc in riffles a|.1d pool crests for s.pav\fmng.
Trout Sensitive to fine sediment. Require cold water. Thrive in streams
g;u s with more pool habitat and cover than uniforny, simple habitat.  |[NA GAT3 S2 1960 2006 60
(l l,:‘.. l"wf“. ) Juveniles overwinter in the interstitial spaces of large stream
clarki fewis substrate. Adult need deep, slow moving pools that do not fill
with anchor ice m order to survive the winter.
Whilte Sturgeon -
Acipenser
[ransmonianis

Data are taken from: hitp:/fieldguide. mi.gov/

Monlana Species Ranking Codes: M ploys a

d ranking sysitem lo denote global (G - range-wide) and state status (S) {NaturcServe 2003). Species arc assigned numeric ranks

ranging from | (cntically impenied) to 5 (demonstrably secure), reflecting the relative degree to which they are “at-risk™. Rank definitions are given below, A number of factors are considered in
assigning ranks - the number, size and distribution of known “occurrences” or populations, population trends (if known), habitat scnsitivity, and threat.

Gl 81

Al high risk because of extremely limited and polentially declining numbers, extent and/or habilal, making it highly vulnerable to global cxtinction or extirpation in the siate.

G282

At risk because of very limited and polentially declining numbers, extent and/or habitat, making it vulnerable to global extinction or extirpation in the state.

G383

Potentially al risk because of limited and potentially declining numbers, extent and/or habitat, even though it may be abundant in some areas.

G4 84

Uncommon but not rare (although it may be rare in parts of its range), and usually widesprcad. Apparently not vulncrable in most of its range, but possibly causc for long-term concern.

G5 85

Common, widesp

d, and abundant (alth

gh it may be rare in parts of its range). Not vulnerable 1n most of its range.
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Observation in Lincoln,
Co., Montana

Common Name Global| State Most
(Genus/species) General Habitat Description Food Habits Rank | Rank [ Oldest| Recent | Number
Found in nearly all habitats, but most commonly at lower
c n Gartersnak elevations around water. Prefer moist habitats and are found
ommon Lartersna € [most often along the borders of streams, ponds and lakes. They |Variety of vertebrates and invertebrates. G5 S4 1954 2006 55
( Thamnophis siralis ) . R .
may travel long distances (4 to 17 kilometers) from hibernacula
to forage in preferred habitat
Ass_o.cmed with relatively open habitats el_lher in shon_g'rass Orthopterans can form a major part of dict and have been
prairie or forested areas. Very fast and active. prey on insects and . .
Eastern Racer B re- ported as food in NC MT. Small mammals, lizards,
. small vertebrates such as mice and frogs. Females lay a clutch of . . G5 S5 1991 1991 4
(Coluber constrictor) . orthopterans, anurans are all major components of diet.
three to seven eggs in summer. In the NW racers generally
absent from dense foresthi mms.
Gophersnake Dry habitats, including open pine forests. Occasionally climb Rodents, rabbits, ground-dwelling birds, and to a lesser
. . . . G5 S5 1993 1994 3
(Pituophis catenifer) |trees. extent lizards.
Little specific information on habitat associations in Montana.
Northern Alligator ‘S)O:::Stcglg;kfi; 1:3{;1:6:1n20urz2‘ll:;lru;sl;$el;:;_e;:n the An invertivore, northern alligator lizards feed on insects,
Lizard (Elgaria P . . Py . plas-ir, ticks, spiders, centipedes. millipedes, slugs and snails. G5 S3 1949 2006 12
ponderosa pine, a variety of shrubby species (serviceberry,
coerulea) N . X
ninebark, mock orange), and a litter layer of dried leaves and
conifer needles .
Painted Turtle . .
. q . 2
(Chrysemys picta) NA (web page not available) NA (web page not available) G5 S4 1955 2006 44
Rubber Boa Usu.ally found under.logs. and rocks in either mm.st or dry forest Feed primarily on small mice but also take shrews,
] habitats. They are primarily nocturnal, but occasionally may be . G5 S4 1980 2004 15
(Charina botiag ) . B . salamanders, snakes. and lizards.
observed sunning on roads, trails, or in open areas.
. Found in nearly all habitats, but most commonly at lower
Teresirial Gartersnake levations around water. Common near water but also found
(Thamnophis e ater. L0 ar wale © oun They eat a variety of vertebrates and invertebrates. G5 S5 1952 2006 51
elegans) away from water. At high elev. common on rocky cliffs/ brushy
talus .

Data are taken from: http:/fieldguide.mt.gov/

Montana Species Ranking Codes: Montana employs a standardized ranking system to denote global (G - range-wide) and state status (S) (NawreServe 2003). Species are assigned numeric ranks ranging
from 1 (critically imperiled) to 5 (demonstrably secure), reflecting the relative degree to which they are “at-risk™. Rank definitions are given below. A number of factors are considered in assigning ranks -
the number, size and distribution of known *‘occurrences” or populations, population trends (if known), habitat sensitivity, and threat.

G151

At high risk because of extremely limited and potentially declining numbers, extent and/or habitat, making it highly vulnerable to global extinction or extirpation in the state.

G282

At risk because of very limited and potentially declining numbers, extent and/or habitat, making it vuinerable to global extinction or extirpation in the state.

G383

Potentially at risk because of limited and potentially declining numbers, extent and/or habitat, even though it may be abundant in some areas.

G454

Uncommon but not rare (although it may be rare in parts of its range), and usually widespread. Apparently not vulnerable in most of its range, but possibly cause for long-term concern.

G585

Common, widespread, and abundant (although it may be rare in parts of its range). Not vuinerable in most of its range.
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Observation in Lincoln,
Co., Montana

Common Name Global | State Most
(Genus/species) General Habitat Description Rank | Rank | Oldest| Recent | Number
Freshwater Sponge 1, i [Na Gs | sis3 | 1997 | 1997 1
(Heteromeyenia bailevi)
The larvae occur on the upper surfaces and sides of cobbles and boulders in moderate gradient, fast
flowing, foothills 1o mountain streams. Inhabits streams with moreintermediate characteristics berween the
higher elevation, cold mountain streams (more likely to find Glossosoma & Anagapetus). and the large
Stonefly (Uracapnia . warmer transitional rivers downstream (more likely to find Prototila). Generally the riparian canopy of the 5
columbiana) Aquatie occupied streams is mostly (>50%) open. and less shaded than mountain streams. In clear streams and G4 s2 1
rivers during low flows, it is typical to be able to locate & identify Agapetus larvae on the tops of rocks. In
relation to trophic status, A. montanus larvae scrape, graze and digest algae and diatoms from the surfaces
of rocks.
Banded Tigersnail Terrestrial [NA Gs | sNR | 2005 | 2007 39
(Anguispira kochi)
Blue Glass (Nesovitrea | poroctrial [NA Gs | snr | 2007 | 2007 7
binneyana))
Brown Hive (Euconulus | oot [NA Gs | snr | 2005 | 2007 17
fulvus )
Coeur dAlene Oregonian |y o ot [NA G4 | SNR | 2005 | 2007 20
(Crvptomastix mullani)
Land Snail, Cross Vertigo .o o iof [NA Gs | SNR | 2006 | 2007 5
(Veriigo modesta)
Land Srail, Fir Pinwheel (7. oot [Na G4 | s2s3 | 1959 | 2007 32
(Radiodiscus abietum )
Land Snail, Forest Disc |71 iat [na Gs | SNR | 2005 | 2007 12
(Discus whitnevi)
Common in gardens and buildings, and margins of native forests, does not seem to penetrate far into -
Sh{g, Giant Qardenslug Terrestrial undistrubed forests, althoug_h it can be a_bundanl in moqlﬁed forest Temnants and .secondary fores.ts. This Gs sna | 2005 2005 |
(Limax maximus ) nocturnal slug feeds primarily on decaying plant material and fungi, but because it shows aggresive
behavior towards other slugs, it is often erroneously regarded as a predator
Stug, Gray Fieldslug 1 ogial [Na Gs | snva | 2007 | 2007 1
(Deroceras reticulatum)
Land snail, Hedgehog . . . .
Arion (Arion Terrestrial Often- locally -abundam in pastures, hedge.rows, plantation forests, and in native forests. 1t can penetrate Gs SNR 2007 2007 3
X . deep into undisturbed forest from areas disturbed by humans
intermedius )
Land snail, Idaho
Forestsnail (A4llogona Terrestrial | NA G5 SNR | 2005 2007 15
\prechophora )
Low- to mid-elevation sites, often with water in the general vicinity. Moist, cool sites in relatively
Slug. Magnum Mantleslu undisturbed forest with an intact duff layer, such as are found in moist valleys, ravines, and talus areas, are
£, Magn & | Terrestrial preferred. Forest canopy composition at sites includes Picea engelmannii. Pseudotsuga menziesii, Pinus G3 SI1S3 | 2005 2007 8
(Magnipelta mycophaga) . . X . . . . . - i :
|ponderosa, Pinus albicaulis, Larix occidentalis, Abies lasiocarpa . and Abies grandis , often with Alnus
present; spruce-fir appears to be the most frequent forest association. Often found on the ground under
pieces of loose bark, logs, loose stones, and in rotted wood; surface active on cool (10-16wet and overcast
days, probably most active at night.
Slug, Meadow Stug . |Cliff, Cropland/hedgerow, Forest - Conifer, Forest - Hardwood, Forest - Mixed, Forest Edge, 5
(Deroceras laeve ) Terrestrial Forest/Woodland, Grassland/herbaceous, Old field, Savanna, Shrubland/chaparral, Suburban/orchard, G5 SNA 2005 2007 5
Urban/edificarian, Woodland - Conifer. Woodland - Hardwood, Woodland - Mixed
Land snail, Multirib
Vallonia (Fallonia Terrestrial |[NA G5Q SNR | 2007 2007 1
gracilicosta)
Land snail, Orange-
banded Arion (Arion Terrestrial | Damp areas and wet meadows adjacent to streams GNR SNR | 2007 2007 3
fasciatus)
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Attachment A-6. Invertebrate Species Occuring within the Libby OU3 Site

Page 32 of 32

Observation in Lincoln,
Co., Montana

Common Name Global| State Most
(Genus/species) General Habitat Description Rank | Rank | Oldest| Recent | Number
Darner damselfly, Paddle-
tailed Damer (Aeshna  |Terrestrial [Found in most habitats, including warm springs: found far from water GS S5 1994 1994 1
\palmata)
Slug, Pale Jumping-stug | oot [Na Ga | sisa | 2005 | 2007 10
(Hemphillia camelus )
Slug, P Slu Forest - Mixed, Fallen log/debris, forested and adjacent to a perennial water body. Found on forest floor
. 8. yg.my g Terrestrial |mostly, either on or under woody debris, mats of moss, or deciduous tree leaves; two specimens collected G2 SIS2 2005 2007 17

(Kootenaia burkei’)

0.2 m aboveground on moss-covered tree trunk along stream edge
Land Snail. Quick Gloss oot [N Gs | sNr [ 2005 | 2007 26
(Zonitoides arboreus )
Land Snail. Robust
Lancetooth (Haplotrema |Termestrial [NA G5 S1S2 | 2006 2006 16
vancouverense)

Composition of the plant community appears to be of little importance, dominant plant species ranges from

. sagebrush to a wide variety of deciduous shrubs and trees and a similarly wide variety of coniferous shrubs

Land Snail. Rocky and tr Substrate, however, is of great importance, the presence of ex d limestone being almost
Mountainsnail Terrestrial |- . ocor Y . er, 15 of great importance, the pri Exposed fime B 8imos Gs | SNR | 2005 | 2006 6
(Oreohelix sirigosa) critical for occurrence; exceptions, however, are well known, there being documented occurrences on

sandstone, and occurrences on other substrates probably exist. Slope, too, has been considered to be of

importance. Herbivorous.

Moist microsites in relatively intact Pseudotsuga menziesii, Pinus ponderosa , and Picea engelmannii
Slug, Sheathed Slug ., |forests in moist valleys, ravines, and talus on both north- and south-facing slopes. Meadows and cedar
(Zacoleus idahoensis ) Terrestrial swamps, white pine stands, spruce valleys, rockslides, and near springs. G3G4 | 5283 1959 2007 18
Land Snail, Smoky
Taildropper (Prophysaon|Terrestrial INA G3 S1S3 | 2005 2007 22
humile )
Land Snail, Spruce Snail 1oy Ina G4Gs | SNR | 2005 | 2007 29
(Microphysula ingersolli )

Found most often in litter in rich lowland forest, generally on shaded, north-facing slope bases, often
La|.1d Snall_, Sm.a_te Disc Terrestrial bordering or ranging sllghtI‘y onto stream floodplain. Usua.lly on limestone sonl§. Species will c@wl on G5 s1 1959 1959 1
(Discus shimekii ) downed wood and is sometimes seen on rock surfaces. Primarily feeds on partially decayed deciduous

tree leaves and degraded herbaceous vegetation.
Land Snail, Subalpine
Mountainsnail Terrestrial [NA G5 SNR | 2007 2007 6
(Oreohelix subrudis)

Cool-coldwater running streams that are generally wider than 4 m, perferrable habitat is stable sand or
Western Pearlshell . . . . X

. Agquatic  |gravel substrates. Found in hard as well as soft water. This species occurs in sand, gravel and even among G4 $234 | 1992 1996 7

(Margaritifera falcata ) . . X

cobble and boulders in low to moderate gradient streams up to larger rivers.

Data are taken from: http://fieldguide.mt.gov/

Inc

G181

At high risk because of extremely limited and potentially declining numbers, extent and/or habitat, making it highly vulnerable to global extinction or extirpation in the state.

G2Ss2

At risk because of very limited and potentially declining numbers. extent and/or habitat, making it vulnerable to global extinction or extirpation in the state.

G383

Potentially at risk because of limited and potentially declining numbers, extent and/or habitat, even though it may be abundant in some areas.

G4 54

Uncommon but not rare (although it may be rare in parts of its range). and usually widespread. Apparently not vulnerable in most of its range, but possibly cause for long-term concern.

G5 SS

Common, widespread, and abundant (although it may be rare in paris of its range). Not vulnerable in most of its range.
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TABLE B-6. NONASBESTOS DETECTED ANALYTE SEDIMENT RESULTS LIBBY (U3 PHASE 1

Caterory Method Analyte Unis UPPER RAINY CREEK LOWER RAINY CREEK FLEETWOOD CREEK CARNEY CREEK
N URC-1 URC-Z TP T TP-TOE! | TP-TUEZ MP LRC-1 | LRC-2 | LRC-3 | LRC4 | 1RC-5 [ LRC6 | FC-2 | FC-POND | FC-I -2 ] cCa1 | €59 T Ces8 [ ccs+ CCS-11 ] CCSaa [ 06
Alumunum mglkg-dry 6870 12300 11200 4730 11300 11200 1000 | 9690 | 16200 | 3460 1200 | 11200 [ 0240 26100 27500 | 4670 6630 [ tosoo | 33800 | 13600 16100 | 12200 | <180
Arsenie mgkg-dry 3 3 3 7 ND 6 ND ND ND ND ND ND ND 2 3 ND ND 2 5 ND ND ND 3
Barum mg/hg-dry 284 w2 906 120 637 703 40 197 1080 186 543 R85 219 1520 431 685 199 516 1930 9t 322 583 2680
[Chromuum megkg-dry 6 LR 1o 13 mw 18 148 135 b1 388 129 126 21 249 146 433 72 116 948 180 [ 123 ”9
[ opalt me/hg-dry ND 9 n 2% 20 11 3 13 1 6 1 19 ) 4 U 1 IH) 16 7 2 Ve V1
Copper mghg-dry 19 n 9 16 21 19 15 3 " 13 2 6 25 [ 27 37 18 o 57 36 16 13
SWh020 & [tron mekg-dry 5120 17600 16200 14500 27000 14000 15700 | 14900 | 27800 | osga | 20700 | 33200 | 22300 39600 18300 | toeov § 20000 | 16900 | 46400 | 18100 25100 | 15500
Meuls SW60L0B  |Lead migrkg-dry 7 12 19 1 100 15 7 9 2 ND I n 9 a8 IR 12 7 9% 56 Ry 14 9
Manganese mg/kg-dry 306 M6 92 12700 2170 953 209 788 798 301 193 192 151 573 302 2020 263 3 120 419 146 168
Nickel mg/kg-dry ND 14 2 24 a1 7 20 27 48 9 2% 3 1 8 12 n 6 an 2% 43 m 34
Selemum merkg-dry 12 0s ND ND ND NP ND ND ND ND ND ND 07 ND ND ND ND ND 14 ND ND ND
Thalum mgkg-dry ND ND 07 ND ND ND ND ND ND ND ND ND ND 09 ND ND ND ND 13 ND ND ND
Vanadum mgAg-dry [ K % 46 k] 3 31 il 58 27 a* 30 45 58 2 3s 50 a2 10§ 1 5 15 13
Zin mghg-dry 15 35 9 17 19 9 19 2 kY] 9 2% 6 23 S0 2 Is 1] 2 4 4 17 3 s
SWI470A_ [Mercury mg kg-dry D ol ND D ND ND NI D ND D D D [ D D ND ND ND D D D D
VO SWE260B__[Mcthyl acetare mghgdry A NA NA A 024 NA NA 7 NA A NA A A NA A A NA NA NA A A A A
PAT SWRI7C_|Pyrene mg/kgdry D ND ND A 00049 ND NA ND A NA D D ND A A D NA ND A A D A
CI1t0 €22 Aromanes mg/kg-dry D 96 436 A NA 56 NA A ND A NA ND D 72 A A D NA ND A A D A
Eatraciable MAEpH |19 10 C36 Aliphaties mgkg-try ND 124 150 NA NA 69 NA NA ND NA NA ND ND 201 NA NA ND NA ND NA NA ND NA
Hydrocarbons C9 10 C18 Aliphates mgkg-dry ND ND 162 NA NA ND NA NA ND NA Na ND ND 1) NA NA ND NA ND Na NA ND NA
Total mekg-dry ND 335 1240 NA NA 176 NA NA ND NA NA ND ND 03 NA NA ND NA ND NA NA ND NA
SWE0T5M_|Total Fxtraciable mgkgdry ND s 1240 NA NA 176 NA NA ND NA NA ND ND 405 NA NA ND NA ND NA NA ND NA
Volanie CO 10 C10 Aromatics miglkg-dry 10 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
Hydrocorbons | MAFIL[C910.C12 Aliphaucs nigkg-dry ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 22 ND
Total Purgeable mig/kg-dry 12 ND 17 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 32 ND
Anions E300  [Fiuordd mghg-dry ND ND 15 17 ND 11 ND ND ND ND. ND ND ND 13 ND ND ND ND 19 ND ND ND ND
E365.1 _ [Total Phosphoms' mpkg-dry 408 1350 4350 2580 1740 3120 2630 1400 4980 1470 2240 3520 3140 320 2150 2190 2480 1470 61 00 1140 1680 2010
Scdiment Qualigl-ASAMIG- 12 TpH sat paste su 71 71 67 Al 7 63 A2 78 76 78 77 74 Ell 69 73 75 76 7 68 71 73 74 X
Pacamricrs SW Mousture wt 75 45 77 i 15 75 bl 10 0 2 2 9 44 70 36 n 13 2 86 a b1 9 18
Leco Carton, Orgame wits 154 205 66 1.4 047 547 178 038 061 107 268 18 182 228 12) 29% 038 uas 267 07 022 (L] 541

ND = ot etected
NA = ot analyzed
! Data not yer vatidated
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DRAFT - FOR BTAG REVIEW AND DISCUSSION ONLY

ATTACHMENT C

Toxicity Screening Benchmarks — Non-Asbestos Contaminants

Draft Problem Formulation for Ecological Risk Assessment at Libby OU3
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ATTACHMENT C
SELECTION OF TOXICITY BENCHMARKS

Overview

The hazard quotient approach to risk characterization is based on comparison of site-related
indices of exposure to appropriate benchmarks of toxicity. These benchmarks are concentration-
based (e.g., the concentration in soil, sediment, surface water, or diet). Each benchmark is
contaminant-specific, receptor-specific and is usually medium-specific.

For this initial screening assessment of Phase I results, all toxicity benchmarks are based on
values developed by various regulatory agencies and published in the literature. This attachment
describes the various sources of benchmark values reviewed, and identifies the hierarchy used to
prioritize values when more than one value was available.

This appendix is organized into the following sections:

Aquatic Receptors

C-1  Surface Water Benchmarks for Aquatic Receptors
C-2  Surface Water Benchmarks for Hardness-Dependent Metals
C-3  Sediment Benchmarks for Benthic Macroinvertebrates

Terrestrial Receptors
C-4  Soil Benchmarks for Plants and Soil Invertebrates

Wildlife Receptors

C-5 Risk-Based Concentrations for Birds and Mammals
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Aquatic Receptors (Fish & Benthic Macroinvertebrates)

C-1&C-2 Surface Water Benchmarks for Aquatic Receptors

Toxicity values for the protection aquatic life from contaminants in surface water are available
from several sources. Each of these sources is described briefly below.

National Ambient Water Quality Criteria

The USEPA has established acute and chronic National Ambient Water Quality Criteria
(NAWQC) values for surface waters for the protection of aquatic communities (USEPA
2002a). The acute NAWQC is intended to protect against short-term (48 to 96 hour)
lethality, while the chronic NAWQC is intended to protect against long-term effects on
growth, reproduction, and survival. The NAWQC values are not species-specific, but are
designed to protect 95% of the aquatic species for which toxicity data are available
(USEPA 1985).

Great Lake Water Quality Initiative Tier II Values

The approach used for the derivation of Great Lake Water Quality Initiative (GLWQI)
Tier II secondary acute values (SAVs) and secondary chronic values (SCVs) is similar to
that used to derive NAWQC. Data and detailed methods and are described in Appendix
B of Suter and Tsao (1996). In brief, a secondary acute value is derived by taking the
lowest genus mean acute value (GMAV) and dividing it by the Final Acute Value Factor
(FAVF). The FAVF is based on the number of studies and types of species used to
derive the FAV. Once an SAYV is calculated, the geometric mean of each of the
secondary acute-chronic ratios (SACR) is found. The SCV is calculated by dividing the
SAV by the SACR.

USEPA Region 4 Screening Values

Screening level freshwater benchmarks for are also available from USEPA Region 4
(USEPA, 2002b). The Region 4 acute and chronic screening values are equal to the
lowest effect level (LEL) divided by 10 to protect for sensitive species. If no chronic
LEL is available, the chronic screening value is equal to the lowest acute LC50 or EC50
divided by 10.

Canadian Water Quality Guidelines

The Canadian Council of Ministers of the Environment (CCME) have established water
quality guidelines (WQG) for the protection of aquatic life in Canadian waters (CCME,
1991, 2001). The protocol for deriving water quality guidelines is similar to the
NAWQC procedure. Protocol details are available on the CCME WQG website. In
brief, the guideline is equal to the most sensitive LOEL from a chronic exposure study
divided by a safety factor of 10. If a chronic LOEL is not available, the WQG is equal to

c-2
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the acute LC50 divided by the acute/chronic ratio (ACR). The CCME WQQG is designed
to be protective of "100% of the aquatic life species, 100% of the time".

Oak Ridge National Laboratory Lowest Chronic Values and EC20 Values

Oak Ridge National Laboratory (ORNL) has compiled summary tables of the lowest
chronic values (LCVs) in surface water for fish, daphnids, non-daphnid invertebrates,
aquatic plants, and aquatic populations (Suter and Tsao, 1996). In some instances, the
LCVs were extrapolated from LC50 and EC50 data using fish and daphnid-specific
equations. ORNL also summarized EC20 data for fish, daphnids, sensitive species, and
aquatic populations. The EC20s are based on a level of biological effect and are intended
to be indices of population production (Suter and Tsao, 1996).

USEPA Region 5 Ecological Screening Levels

The USEPA Region 5 has derived ecological screening levels (ESLs) for RCRA
Appendix IX Hazardous Constituents in soil, surface water, sediment, and air (USEPA
1999). The surface water ESL is based on either an aquatic benchmark, which is
protective of direct contact exposures, or a wildlife receptor-specific benchmark, which is
protective of ingestion exposures in the mink and belted kingfisher. The surface water
ESL does not distinguish whether it is derived based on aquatic or wildlife exposure.

OSWER Ecotox Thresholds

The OSWER Ecotox Thresholds (ETs) were presented in a USEPA ECO Update Bulletin
(USEPA, 1996). The bulletin provided an overview of the development and use of

ecological benchmarks for surface water and sediment. For surface water, the ET is
based on either the chronic NAWQC or the GLWQI Tier II value.

Because the USEPA Region 5 ESLs do not make a distinction between surface water
benchmarks derived from aquatic data and wildlife data, these values are excluded from
consideration as a benchmark source. The OSWER ETs were also excluded because they are
based on primary sources (NAWQC, GLWQI Tier II) that had been previously reviewed. For
the remaining sources, selection of the surface water toxicity benchmarks for aquatic receptors
was based on the following hierarchy:

National Ambient Water Quality Criteria

Great Lake Water Quality Initiative Tier II Values
USEPA Region 4 Screening Values

Canadian Water Quality Guidelines

Oak Ridge National Laboratory LCVs and EC20s

For many metals and metalloids, the NAWQC values are dependent on the hardness of the water,
so the precise value of the acute and chronic NAWQC that applies to a sample depends on the

C-3
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hardness of that sample. The equations and parameters used to calculate the acute and chronic
NAWQC values for these metals are presented in Table C-2.
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C-3  Sediment Benchmarks for Benthic Macroinvertebrates

Toxicity values for the protection benthic macroinvertebrates from contaminants in freshwater
sediment are available from several sources. Each of these sources is described briefly below.
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Consensus-Based Sediment Quality Guidelines

MacDonald et al. (2000) issued consensus-based sediment quality guidelines (SQGs) for
28 chemicals of concern, in an effort to focus on agreement among the various sediment
quality guidelines. For each chemical of concern, a threshold effect concentration (TEC)
and a probable effect concentration (PEC) were identified based on available sediment
toxicity literature. The consensus-based TECs were calculated by determining the
geometric mean of all threshold effect values from the literature. The consensus-based
PECs were calculated by determining the geometric mean of all probable effect values
from the literature. A summary of the types of sediment effect concentrations included in
the TEC and PEC calculations is provided in MacDonald et al. (2000).

The predictive reliability of these values was also evaluated. The predictive ability
analyses were focused on the ability of each SQG when applied alone to classify samples
as either toxic or non-toxic. Sediment toxicity should be observed only rarely below the
TEC and should be frequently observed above the PEC. Individual TECs were
considered reliable if more than 75% of the sediment samples were correctly predicted to
be non-toxic. Similarly, the individual PEC was considered reliable if greater than 75%
of the sediment samples were correctly predicted to be toxic. The SQGs were considered
to be reliable only if a minimum of 20 samples were included in the predictive ability
evaluation (MacDonald et al. 2000).

Because field collected sediments contain a mixture of chemicals, a second analysis was
completed to investigate whether the toxicity of sediment could be predicted based on the
average of the PEC ratios for the sediment, using only the PEC values that were found to
be reliable. It was found that 92% of sediment samples with a mean PEC quotient > 1.0
were toxic to one or more species of aquatic organisms. The mean PEC quotient was
found to be highly correlated with incidence of toxicity (R* = 0.98) (MacDonald et al.
2000).

ARCS Sediment Effect Concentrations

As part of the Assessment and Remediation of Contaminated Sediment (ARCS) Project,
Ingersoll et al. (1996) compiled freshwater sediment toxicity data from nine different
sites in the United States and identified a series of sediment effect concentrations (SECs)
for a series of metals in sediment. The SECs are defined as the concentrations of
individual contaminants in sediment below which toxicity is rarely observed and above
which toxicity is frequently observed. The database was compiled to classify toxicity
data for Great Lakes sediment samples and is segregated into “effect” data and “no
effect” data. Ingersoll et al.(1996) derived five different SECs; effect range low (ERL),
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effect range median (ERM), threshold effect level (TEL), probable effect level (PEL) and
no effect concentration (NEC). The derivation of each of these SECs is presented below:

effect range low (ERL) = 10™ percentile of adverse effect data

effect range median (ERM) = 50™ percentile (median) of adverse effect data
no effect range median (NERM) = 50" percentile (median) of no effect data
no effect range high (NERH) = 85™ percentile of no effect data

threshold effect level (TEL) = geometric mean of ERL and NERM

probable effect level (PEL) = geometric mean of ERM and NERH

no effect concentration (NEC) = maximum of no effect data

The ERL is defined as the concentration below which adverse effects are unlikely to
occur. The ERM is defined as the concentration of a chemical above which effects are
frequently or always observed or predicted among most species. The NEC is the
maximum concentration of a chemical in sediment that does not significantly adversely
affect the particular response when compared to the control.

USEPA Region 5 Ecological Screening Levels

The USEPA Region 5 Ecological Screening Levels (ESLs) for sediment were developed
based on available federal freshwater sediment criteria and state-promulgated sediment
quality guidelines (USEPA 1999). If no freshwater guidelines were available, marine
criteria were used. For those chemicals for which no guidelines were available, an
interim ESL was developed using the equilibrium partitioning approach. These interim
guidelines were developed for both nonpolar and polar organic constituents. The
equilibrium partitioning method is generally only applied to nonpolar organics, however,
it was assumed to be a satisfactory method for organics for use on a screening level
approach (USEPA 1999). The ESL was derived from the lowest federal, state or interim
water quality guideline and assumes a total organic carbon content of 1%.

NOAA Sediment Effect Concentrations

The National Oceanic and Atmospheric Administration (NOAA) compiled sediment data
from studies performed in both freshwater and saltwater (originally presented in NOS
OMA Technical Memo 52, Long and Morgan 1990).The NOAA ERL and ERM were
developed using the same procedures as outlined for the ARCS Project (Ingersoll et al.
1996). The NOAA ERL is defined as the concentration of a chemical in sediment below
which adverse effects are rarely observed or predicted among sensitive species. The
NOAA ERM is representative of concentrations above which effects frequently occur.
The original data set used by Long and Morgan (1990) has since been supplemented with
additional saltwater data, therefore these additional marine reports are not applicable (ie:
Long et al. 1995).

USEPA Region 4 Screening Levels
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The USEPA Region 4 Screening Levels are derived from three different sediment effects
data sets including NOAA freshwater and marine data from Long and Morgan (1990),
additional NOAA marine data from Long et al. (1995), and Florida State Department of
Environmental Protection marine data from MacDonald et al. (1996). The sediment
effect level is based on the reported ERL from each study. In instances when the USEPA
Contract Laboratory Program (CLP) practical quantitation limit (PQL) is above the effect
level, the screening value is equal to the CLP PQL (USEPA 2002).

CCME Sediment Quality Guidelines

The Canadian Council of Ministers of the Environment (CCME) derived sediment
quality guidelines to support protection and management strategies for freshwater,
estuarine, and marine ecosystems (CCME 1995). Guideline derivation protocols are
detailed in CCME (1995) and are similar to the procedures described previously for the
ARCS Project (Ingersoll et al. 1996). Separate guidelines were derived for freshwater
and marine sediments (CCME 2001). The freshwater interim sediment quality guideline
(ISQG) was equal to the TEL and is representative of the concentration below which
adverse effects are not anticipated for aquatic life associated with bed sediments (CCME
1995). A PEL was also calculated to establish concentrations above which adverse
effects are likely to occur.

Ontario Sediment Effect Levels

Persaud et al. (1993) derived sediment effect levels for the protection of aquatic
organisms in Ontario, Canada. Three types of sediment quality guidelines were
developed; a No Effect Level (no toxic effects), a Low Effect Level (tolerable by benthic
species), and a Severe Effect Level (detrimental to most benthic species). A summary
and review of the available approaches to sediment guideline development and the
protocol for the derivation of the Ontario values is described in detail in Persaud et al.
(1993). Briefly, the No Effect Level is obtained through a chemical equilibrium
approach using water quality standards. Because the equilibrium partitioning approach is
only predictive for nonpolar organics, a No Effect Level is not derived for metals and
polar organics. The Low Effect Level and Severe Effect Level are based on the 5™ and
95™ percentiles of all effects data for bulk sediment analysis, respectively. For non-polar
organics these concentrations were normalized for total organic carbon.

Of these sources, the following are excluded from use in this risk assessment due to inadequate
documentation of derivation methodology, use of site-specific assumptions, use of marine or
estuarine sediments, use of inappropriate receptors, or errors in benchmark derivation.

USEPA Region 5 Screening Levels

USEPA Region 4 Screening Levels

CCME Sediment Quality Guidelines (ISQG/PEL)
Ontario Sediment Effect Levels (Low/Severe)

C-7
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Of the remaining sources, a benchmark selection hierarchy is established as follows and a
summary of all selected sediment toxicity benchmarks is shown in TableC-3.

. Consensus based TEC (MacDonald et al., 2000)
. ARCs TEL (Ingersoll et al., 1996)
. NOAA ERL (Long and Morgan, 1990)
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Terrestrial Receptors (Plants & Soil Invertebrates)

C-4  Soil Benchmarks for Plants and Soil Invertebrates

Toxicity values for the protection of plants and soil invertebrates from contaminants in surficial soils are
available from several sources. Each of these sources is described briefly below.

Ecological Soil Screening Levels (Eco-SSLs). Eco-SSLs are concentrations of contaminants in
soils that are protective of ecological receptors that commonly come into contact with soil or
ingest biota that live in or on soil. The Eco-SSLs are screening values that can be used routinely
to identify those contaminants of potential concern (COPCs) in soils requiring further evaluation
in a baseline ecological risk assessment (ERA). Eco-SSLs are derived separately for four groups
of ecological receptors, plants, soil invertebrates, birds and mammals. As such, these values are
presumed to provide adequate protection of terrestrial ecosystems. The lower of the values for
plants and soil invertebrates is used preferentially as the Eco-SSL.

The Eco-SSL derivation process represents a three year collaborative effort of a multi-stakeholder
workgroup consisting of federal, state, consulting, industry and academic participants led by the
USEPA, Office of Emergency and Remedial Response (OERR) (USEPA, 2002b). The USEPA
will issue the final guidance for Eco-SSLs and interim final Eco-SSL values for several
contaminants in 2003.

Oak Ridge National Laboratory Plants/Soil Organisms/Microbes

Oak Ridge National Laboratory (ORNL) reviewed data on the toxicity of contaminants in soil on
a wide range of plants, soil organisms, and microbes, and determined the lowest observed effect
concentration (LOEC) (Efroymson et al. 1997a,b). The LOEC is defined as the lowest applied
concentration of the chemical causing a greater than 20% reduction in the measured response. In
some cases, the LOEC is the lowest concentration tested or the only concentration reported
(EC50 or ED50 data). The LOEC:s for a series of different plants and soil organisms are rank
ordered and a value selected that approximated the 10th percentile. When a benchmark is based
on a lethality endpoint, the benchmark value is divided by 5 to approximate an effects
concentration for growth and reproduction. The factor is selected based on the author’s
judgement (Efroymson et al. 1997a,b). The benchmark values are then rounded to one significant
figure.

Dutch Target and Intervention Values

The Dutch Target and Intervention Values are derived from available data on ecotoxicological
effects of contaminants in soil to terrestrial species and soil microbial processes (Swartjes 1999).
The Target Values for soil are related to negligible risk for soil ecosystems (95% protection).

The Intervention Values are defined as the hazardous concentration for 50% of the soil ecosystem
population and are not protective of sensitive species. The Dutch benchmarks are developed by
reviewing available literature to determine the lowest no observed effect concentration (NOEC).
When there is a LOEC but no NOEC, the NOEC is estimated from the LOEC according to the
effect level observed at the LOEC, as follows:
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LOEC Effect Range NOEC
10% - 20% LOEC /2
20% - 50% LOEC/3
50% - 80% LOEC/10

The ecotoxicological data are selected according to the criteria established in
Crommenentujin et al. (1994) and are normalized for soil characteristics such as organic
matter and clay content. If not enough data is available for terrestrial species and
microbial processes, aquatic data (adjusted by an uncertainty factor of 10) are used to
derive the benchmark values (Swartjes 1999).

CCME Soil Quality Guidelines

The Canadian Council of Ministers of the Environment (CCME) established effects-
based environmental soil quality guidelines (SQGg) designed to be clean-up goals to
protect ecological receptors from direct contact and ingestion exposures to soil-based
contaminants. From the available soil toxicity literature, CCME compiled an adverse
effect data set and a no effect data set. Several SQGgs are calculated based on land use
types (agricultural-A, residential/parkland-R/P, commercial/industrial-C/I). Based on the
amount of toxicity data available, different derivation methods are used to calculate the
land use SQGg. Each of these methods are detailed in CCME (1999) and described
briefly below.

Weight-of Evidence Method

A, R/P Land Uses = threshold effects concentration (TEC), 25" percentile of effect and
no effect data sets divided by an uncertainty factor

C/I Land Use = effects concentration low (ECL), 25" percentile of effect data set

Lowest-Observed-Effect Concentration (LOEC) Method
A, R/P Land Uses = lowest available LOEC divided by an uncertainty factor
C/1 Land Use = geometric mean of available LOEC data

Median Effects Method
A, R/P Land Uses = lowest available EC50 or LC50 divided by an uncertainty factor
C/I Land Use = no guideline calculated

In addition to calculating an SQGg, CCME also derived SQGs for human health
(SQGypn). The final soil guideline is the minimum of the SQGg and the SQGyp.

USEPA Region 4 Ecological Screening Levels

The USEPA Region 4 compiled soil toxicity screening benchmarks from several sources
including ORNL (Efroymson et al. 1997a,b), CCME (CCME 1997), and Dutch values
(Crommenentyjin et al. 1994). From these sources, screening levels are selected based on
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contaminant levels associated with ecological effects (USEPA 2002b). These screening
values do not take into account area or regional background levels.

USEPA Region 5 Ecological Screening Levels

The USEPA Region 5 reviewed and evaluated soil quality criteria from international,
federal, and state sources (USEPA 1999). A default soil ecological screening level (ESL)
is selected based on the lowest receptor-specific ESL for terrestrial (plant/soil organisms)
and wildlife receptors found during a review of existing toxicological information. The
ESL is derived from the concentration which resulted in no observed adverse effects
(NOAEL) for chronic exposure of the target species. When a chronic value is not
available, the most relevant toxicological result is adjusted by division with uncertainty
factors as appropriate to approximate the chronic NOAEL for the selected receptor
(USEPA 1999).

Because the CCME final SQGs do not make a distinction between ecological and human health
benchmarks, they are not included as a benchmark source. Because the USEPA Region 5 ESLs
do not make a distinction between soil benchmarks derived from plant/soil organism data and
wildlife data, these values are excluded from consideration as a benchmark source. The Region
4 benchmarks are also excluded because they are based on primary sources that had been
previously reviewed. For the remaining sources, selection of the surficial soil toxicity
benchmarks for terrestrial receptors is based on the following hierarchy:

. Minimum of the Eco-SSLs for plants and soil invertebrates
. Minimum of the ORNL plant, soil organism, microbe benchmarks

The soil benchmark values for all chemicals analyzed in surface soils are shown in Table C-4.
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Wildlife Receptors (Birds & Mammals)

C-5 Risk-Based Concentrations for Birds and Mammals

Numerous studies have been conducted that provide information on toxicity associated with
experimental exposures for a variety of birds and mammals. Two different sources were
identified which provided wildlife RBCs that were derived. Each of these sources is described
briefly below.

Ecological Soil Screening Levels (Eco-SSLs). Eco-SSLs are concentrations of contaminants in
soils that are protective of ecological receptors that commonly come into contact with soil or
ingest biota that live in or on soil. The Eco-SSLs are screening values that can be used routinely
to identify those contaminants of potential concern (COPCs) in soils requiring further evaluation
in a baseline ecological risk assessment (ERA). Eco-SSLs are derived separately for four groups
of ecological receptors, plants, soil invertebrates, birds and mammals. As such, these values are
presumed to provide adequate protection of terrestrial ecosystems. The lower of the values for
plants and soil invertebrates is used preferentially as the Eco-SSL.

The Eco-SSL derivation process represents a three year collaborative effort of a multi-stakeholder
workgroup consisting of federal, state, consulting, industry and academic participants led by the
USEPA, Office of Emergency and Remedial Response (OERR) (USEPA, 2002b). The USEPA
will issue the final guidance for Eco-SSLs and interim final Eco-SSL values for several
contaminants in 2003.

For the purposes of performing an initial screen for wildlife, the Eco-SSL RBC:s for birds and
mammals were used preferentially. If an Eco-SSL RBC was not available for a specific
contaminant, then the RBC derived for either the American robin for birds, or the white-footed
mouse for mammals under the Denver Federal Center Risk Assessment Work Plan Part B was
used.

References:

Denver Federal Center Risk Assessment Work Plan Part B, June 2004.
US Environmental Protection Agency (USEPA). 2003. Guidance for Developing Ecological Soil

Screening Levels (Eco-SSLs). OSWER Directive 92857-55. Office of Solid Waste and Emergency
Response. November 2003.
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ATTACHMENT C

TOXICITY BENCHMARKS
SURFACE WATER, SEDIMENT, & SOIL

Table C-1. Surface Water Toxicity Benchmarks for Aquatic Receptors

Table C-2. Ambient Water Quality Criteria for Detected Metals that are Hardness-
Dependent and Freshwater Conversion Factors for the Calculation of Dissolved
Fraction

Table C-3. Sediment Toxicity Benchmarks for Benthic Macroinvertebrates
Table C-4. Soil Toxicity Benchmarks for Plants and Soil Invertebrates

Table C-5. Risk-Based Concentrations for Birds and Mammals
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Table C-1. Surface Water Toxicity Benchmarks for Aquatic Receptors
ACUTE CHRONIC
Surface USEPA R4 - Svl:/:.f:e‘:e
Analyte Analyte NAWQC - | GLWQI Tierlll USEPA R4 - Water Acute NAWQC - GLWQL Tierzll Chronic Other (ug/L) * Chronic
Type Acute (ug/L) SAV (ug/L) Acute (ug/L) © | Benchmark | Chronic (ug/L) SCV (ug/L) (ug/L)> Benchmark
(ug/L) (ug/L)
Barium 50000 6 110 - 50000 5000 3 -- - -- 5000
- Copper 38 4.7 - 18 38 23 4.7 - 11.8 - 23
g Iron - - - no benchmark 1000 - 1000 300 CCME WQG 1000
= Manganese -- 2300 - 2300 - 120 - - 120
Vanadium - 280 - 280 -- 20 - - 20
Calcium - - - no benchmark - - - - no benchmark
é Magnesium -- - - no benchmark - -- - 82.000 |LCV Daphnids 82,000
:,E: Potassium - - - no benchmark - - - 53,000 [LCV Daphnids 53,000
Sodium - - - no benchmark - - - 680,000 [LCV Daphnids 680,000
e g Benzene - 2300 530 2300 - 130 53 - 130
3 £ |C5 10 C8 Aliphatics -- -- -- no benchmark -- -- -- - no benchmark
% g Total Purgeable Hydrocarbons -- - - no benchmark -- - -- - no benchmark
& 2 [Total Extractable Hydrocarbons - - -- no benchmark - - - -- no benchmark
§0 ‘é Nitrogen, Nitrite as N - - - no benchmark - - - 60 CCME WQG 60
EE - .
Z 8 Nitrogen, Nitrate as N - - - no benchmark - - - - no benchmark
RAD [Gross Alpha -- - - no benchmark - -- -- - no benchmark
Chloride 860000 - 860000 860000 230000 - 230000 -- 230000
g Fluoride - -- - no benchmark - - - - no benchmark
E Sulfate - - - no benchmark - - - - no benchmark
Phosphorus, Orthophosphate as P - -- -- no benchmark -- - - - no benchmark
g % o TDS 6000000 5 -- - 6000000 - - - 300000 |[5: LOEC Daphq 300000
= 5 TSS - - -- no benchmark - - - -- no benchmark

'USEPA, 2002. National Recommended Water Quality Criteria: 2002. November 2002. EPA 822-R-02-047.

*Suter & Tsao, 1996.

*Only acute NAWQC available; chronic NAWQC is equal to acute / 10.

* Metal toxicity is hardness-dependent; values shown are calculated based on a hardness of 299 mg/L.

National [rrigation Water Quality Program (1998)

®Based on USEPA Gold Book value.

NAWQC expressed in terms of the dissolved fraction.

NAWQC = National Ambient Water Quality Criteria
GLQW!I = Great Lakes Water Quality Initiative

SAV/SCV = Secondary Acute/Chronic Value

CCME = Canadian Council of Ministers of the Environment

WQG = Water Quality Guidelines
LCV = Lowest Chronic Value
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Table C-2. Ambient Water Quality Criteria for Detected Metals that are Hardness-Dependent
and Freshwater Conversion Factors for the Calculation of Dissolved Fraction
Hardness-Dependent Parameters AWQC based on Total/Dissolved Conversion Factors
where: where: : AWQC based on
Total Recoverable R
Analyte LAWQCtot = exp(a * In(H) + b) (ug/L) AWQCdiss = AWQCtot * [m-n*(In(H)] Dissolved (ug/L)
Acute Chronic Acute Chronic
a b a b Acute | Chronic m n m n Acute | Chronic
Copper 0.9422 -1.7 | 0.8545]-1.7020 39 24 0.9600 | 0.0000 { 0.9600 | 0.0000 38 23

AWQCs are presented based on the hardness of 299 mg/L.

Sources:
USEPA, 2002. National Recommended Water Quality Criteria: 2002. US Environmental Protection Agency,
Office of Water, Office of Science and Technology. November 2002. EPA 822-R-02-047.

Attachment C v4.xls
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» Table C-3. Bulk Sediment Toxicity Benchmarks for Benthic Macroinvertebrates
. Threshold Effect Concentrations (TEC < Probable Effcet Concentr’ﬁo;_sdm_liL
ediment ediment
Analyte Analyte ::;‘;“T’E"C ARCSTEL | EqP Value ’:Eissc(;g(g) Screening g::::':é“c' ARCSPEL | Sercening
- Type . (mg/kg) (mg/kg) © 4 Benchmark R (mg/kg) Benchmark
i (mg/kg) (me/ke) (mg/kg) ¢
e Aluminum - 25,519 - - 25,519 - 59,572 59,572
Arsenic 10 11 - -- 10 33 48 33
Barium - - - -- no benchmark -- -- no benchmark
" Chromium 43 36 - -- 43 111 120 111
3 Cobalt - - - - no benchmark -- -- no benchmark
Copper 32 28 - - 32 149 100 149
@ Iron - 188,400 - - 188,400 - 247600 247,600
- £ [Lead 36 37 - - 36 128 82 128
i = Manganese - 631 -- - 631 -- 1184 1,184
Nickel 23 20 - - 23 49 33 49
Selenium - - -- -- no benchmark -- -- no benchmark
“ﬁ Thallium - - - - no benchmark - - no benchmark
- Vanadium - -- - -- no benchmark -- -- no benchmark
Zinc 121 98 - - 121 459 540 459
Mercury 0.18 - - -- 0.180 1.06 -~ 1.06
’ VOC  |Methyl acetate - - - - no benchmark - -- no benchmark
b PAH |Pyrene 0.195 0.57 - 6.97 0.195 1.52 - 1.52
C11 to C22 Aromatics -- - -- - no benchmark - - no benchmark
v C19 to C36 Aliphatics -- - -- -- no benchmark -- - no benchmark
’ % _‘% C9 to C18 Aliphatics -- - -- -- no benchmark - - no benchmark
‘.ﬁt E g Total Extractable Hydrocarbons - -- - -- no benchmark - - no benchmark
L 2. |CYto C10 Aromatics - - - - no benchmark - - no benchmark
T (€9 to C12 Aliphatics -- -- - - no benchmark - - no benchmark
™~ Total Purgeable Hydrocarbons - -~ -- -- no benchmark - -- no benchmark
i

Notes:

| The TEC encompasses several types of sediment quality guidelines including the Lowest Effect Level (LEL), the Threshold Effect Level (TEL), the Effect Range Low (ERL), the TEL for
Hyalella azetca in 28 day tests (TEL-HA28), and the Minimum Effect Thres

2 The PEC encompasses several types of sediment quality guidelines including the Severe Effect Level (SEL), the Probable Effect Level (TEL). the Effect Range Median (ERM), the PEL for
Hyalella azetca in 28 day tests (PEL-HA28), and the Toxic Effect Thres

Sources Hierarchy:
a MacDonald et al. (2000); consensus-based threshold effect concentration (TEC) and probable effect concentration (PEC).

b Ingersoll, et al. (1996); Threshold Effect Level (TEL) and Probable Effect Level (PEL) for total extraction of sediment (BT) samples from Hyalella azieca 28-day (HA28) tests.

bod E .d

¢ Derived based on the equilibrium partitioning {EqP) approach as described in Region 5 ESL. Guidance (USEPA, 1999) normalized to [% TOC.
d USEPA (2000); Equilibrium-partitioning sediment guidelines (ESGs) Coc panircvinormalized to 1% TOC.
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Table C-4. Soil Toxicity Benchmarks for Plants & Soil Invertebrates
Analyte Analytes EcoSSL Planis | -ORNL Plants ln\icl'(t)est)sl';es lnvce)rl;r:;lcs Dutch Targecl t::veisltif::::;tﬁ
Type (mgkgdw) | (mgkedw) | o hedw) | (mgkgdw) | (MEkEdW) (mg/kg)
Aluminum (a) 50 (a) - - (a)
Antimony - 5 78 -- 3 5
Arsenic 18 10 -- 60 29 18
Barium - 500 330 - 160 330
Chromium - 1 - 0.40 100 0.4
Cobalt 13 20 - - 9 13
» Copper 70 100 80 50 36 70
‘E Iron (b) -- (b) - - no benchmark
= Lead 120 50 1700 500 85 120
Manganese 220 500 450 - - 220
Mercury - 03 - 0.1 0.3 0.3
Nickel 38 30 280 200 35 38
Thallium - 1 - - 1 1
Vanadium -- 2 -- - 42 2
Zinc 160 50 120 100 140 120
Pesticide |Pentachlorophenol ) 3 34 6 -- 5
VOC [Methyl acetate - - - - - no benchmark
Benzo(a)anthracene - - 18 - - 18
Benzo(a)pyrene - - 18 -- - 13
Benzo(b)fluoranthene - - 18 - - 18
" Benzo(g,h,i)perylene -- - 18 -- - 18
E Benzo(k)fluoranthene -- - 18 - - 18
Chrysene - - 18 - - 18
Indeno(1.2.3-cd)pyrene - - 18 - - 18
Pyrene - - 18 - - 18
Total High Molecular Weight PAHs - - -- - - 18
- C11 to C22 Aromatics - -- - - -- no benchmark
& [c1910C36 Aliphatics — - - - - no benchmark
§ C9 to C18 Aliphatics - - -- -- - no benchmark
=S C5 to C8 Aliphatics - - - - - no benchmark
E C9 to C10 Aromatics - 200 - - 0.01 200
3 Toluene - - -- - - no benchmark
;Eo: Total Purgeable Hydrocarbons - - - - - no benchmark
Total Extractable Hydrocarbons - - - - - no benchmark

*The Eco-SSL for aluminum consists of a narrative statement. Aluminum is considered to be a contaminant of potential concern under conditions where soit pH is less than 5.5.

® A numeric Eco-SSL for iron was not derived. The potential toxicity of iron in soils is dependant on soil pH and Eh.

© Based on the Dutch Target Value presented in Swartjes (1999).

.-
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Table C-5. RBCs for Birds and Mammals

Risk Based Concentrations (mg/kg)

Birds Mammals
Category Analyte RBC Source RBC Source
Aluminum __pH-dependent 1 pH-dependent 1°
Antimony no benchmark 0.27 1
Arsenic 43 1 46 1
Barium 865 2 2,000 1
Chromium 26 1 34 1
Cobalt 120 1 230 1
2 Copper 28 1 49 1
o Iron no benchmark 1¢ no benchmark 1
= Lead 11 1 56 I
Manganese 4,300 1 4,000 1
Mercury 0.161 2 1.2 2
Nickel 210 1 130 1
Thallium 0.29 2 0.10 2
Vanadium 7.8 ] 280 1
Zinc 46 1 79 1
Pesticide |Pentachlorophenol 2.1 1 2.8 1
> O O [Methyl acetate no benchmark no benchmark
Benzo(a)anthracene no benchmark 1.10 1
Benzo(g,h,i)perylene no benchmark 1.10 1
Benzo(a)pyrene no benchmark 1.10 1
T Benzo(b)fluoranthene no benchmark 1.10 1
ZE Benzo(k)fluoranthene no benchmark 1.10 1
Chrysene no benchmark 1.10 1
Indeno(1,2,3-cd)pyrene no benchmark 1.10 1
Pyrene no benchmark 1.10 1
Cl11 to C22 Aromatics no benchmark no benchmark
«w  [C19to C36 Aliphatics no benchmark no benchmark
g _§ C9 to C18 Aliphatics no benchmark no benchmark
b § C5 to C8 Aliphatics no benchmark no benchmark
% _g C9 to C10 Aromatics no benchmark no benchmark
A~ E‘ Toluene no benchmark 0.74 2
Total Extractable Hydrocarbons no benchmark no benchmark
Total Purgeable Hydrocarbons no benchmark no benchmark

* Aluminum is expected to be a contaminant of potential concern only when pH is below 5.5.

® Based on Cr’* (the lower of the Cr* and Cr* values).

¢ Iron is an essential nutrient for wildlife, and is not expected to be a primary contaminant of concern at most sites

Source:

1 -- USEPA Ecological Soil Screening Level (Eco-SSL) Documents
2 -- Based on the American Robin and the White-footed Mouse (Denver Federal Center Risk Assessment Work

Plan Part B, June 2004.)
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2.0 ANALYTICAL METHODS
Analytical methods that are available for detecting and measuring asbestos in environmental
media are summarized in Table 1. The methods are described in greater detail in the following

subsections.

Light Microscopy

Phase Contrast Microscopy (PCM)

Phase contrast microscopy (PCM) is an analytical method used mainly for measuring asbestos in
air. A known volume of air is drawn through a filter and asbestos fibers in the air are deposited
on the filter. A portion of the filter is then prepared for examination under a phase contras
microscope. In this type of microscopy, light that passes through a particle such as an asbestos
fiber becomes delayed (“out of phase”) compared to light passing next to the particle. This
difference in phase between light passing through a particle and near a particle is used to increase
the contrast (visibility) of the particle, which allows visualization of structures that otherwise
would be very difficult to observe under ordinary light microscopy. The limit of resolution of
PCM is about 0.25 um, so particles thinner than this are generally not observable.

A key limitation of PCM is that particle discrimination is based only on size and shape. Because
of this, it is not possible to classify asbestos particles by mineral type, or even to distinguish
between asbestos and non-asbestos particles. Consequently, structures that are counted by PCM
may include a variety of naturally occurring non-asbestos minerals that may occur in the form of
long thin structures, as well as non-mineral particles such as animal hair and synthetic fibers.
This tends to overestimate the true concentration of asbestos, especially in non-industrial
settings. Conversely, PCM may also tend to underestimate the true asbestos content of a sample
since particles that are thinner than 0.25 um are generally too thin to be observed.

One common method for the application of PCM to the analysis of asbestos in air is NIOSH
Method 7400 (NIOSH 1994a). This method provides a full description of how samples should
be collected, prepared and examined. Under NIOSH 7400, a structure is defined as any particle
more than 5 um in length with as aspect ratio > 3:1. In general, complex particles (bundles,
clusters) are counted as single particles, unless the individual components can be clearly
identified (by observing both ends of each individual fiber). Results are generally reported in
units of PCM structures per cubic centimeter (f/cc) of air.

Polarized Light Microscopy (PLM)

Polarized light microscopy (PLM) is an analytical method used mainly for examining asbestos
particles in soil and sediment material. In this type of microscopy, light is transmitted through
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the sample and then filtered with a polarizing lens in order to visualize its components. This
method allows for qualitative identification of asbestos particles and semi-quantitative
determination of asbestos content in bulk samples. The limit of detection for this method is <
1% asbestos. Results are generally reported as area fraction or mass fraction.

There are three common methods for the application of PLM to the analysis of asbestos in
soil/sediment, PLM visual area estimation (PLM-VE), PLM gravimetric (PLM-GRAV), and
PLM point counting (PLM-PC).

PLM-VE is a semi-quantitative method for identifying and quantifying asbestos

fibers in soil. This method requires the microscopist to estimate the area fraction (AF%)
of the total material present in a field of view that consists of asbestos material. This
method is based on NIOSH Method 9002 (NIOSH 1994b), EPA Method 600/R-93/116
(USEPA 1993), and CARB Method 435 (CARB 1991), with project-specific
modifications intended specifically for use at the Libby Superfund Site as detailed in
SRC-LIBBY-03. At Libby, soil samples are ground prior to analysis, results for Libby
amphibole (LA) are reported as mass fraction based on site-specific calibration standards,
and LA concentrations less than 1% are stratified into 3 classification bins — non-detect,
trace (<0.2%), and <1%.

PLM-GRAYV is a semi-quantitative method for identifying and quantifying asbestos
fibers in coarse soil fractions (particles that are retained on a ¥4” sieve). This method
requires the microscopist to first identify and segregate suspected asbestos particles using
stereomicroscopy. The tentatively identified asbestos particles will be examined by PLM
(as described above) and the total weight of each type of positively identified asbestos
will be determined gravimetrically. This method is based on NIOSH Method 9002
(NIOSH 1994b) and SRC-LIBBY-01. At Libby, particles smaller than 2-3 mm are not
large enough to weigh so the results are reported semi-quantitatively into 2 classification
bins — non-detect and trace.

PLM-PC is a quantitative method that involves counting the total number of particles
(asbestos vs. non-asbestos) (generally 400 or 1,000) lying on superimposed points in the
microscope field created by an ocular reticule (point array) or cross-hair. In order for a
particle to be counted as asbestos, the aspect ratio must be, 3:1. This method is based on
EPA/600/R-93/116 (USEPA 1993) and CARB Method 435 (CARB 1991), with project-
specific modifications intended specifically for use at the Libby Superfund Site as
detailed in SRC-LIBBY-03. At Libby, point-count estimates of area fraction for LA
particles will be converted into estimates of mass fraction using a standard curve
prepared using a series of site-specific reference materials containing 0%, 0.2%, 0.5%,
1%, or 2% LA.
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Electron Microscopy

Transmission Electron Microscopy (TEM)

Transmission electron microscopy (TEM) is used mainly to evaluate samples of water, air, or
dust that have been collected on a filter. This method utilizes a high energy electron beam rather
than a beam of light to irradiate the sample. TEM can be used to analyze asbestos in all types of
environmental samples (air, water, soil, sediment) and in biological samples (tissue). Instead of
glass lenses focusing the light wavelengths, electromagnetic lenses are used to focus the
electrons on the sample. This allows operation at higher magnification (typically about 15,000x)
and visualization of structures much smaller than can been seen under light microscopy. In
addition, most TEM instruments are fitted with one or both of two supplemental accessories that
allow a more detailed characterization of a particle than is possible under light microscopy:

EDS (Energy dispersive spectroscopy) provides data on the elemental composition of
each particle being examined. This makes it possible to distinguish organic particles
from mineral particles, and also allows for distinguishing between different types of
minerals.

SAED (selected area electron diffraction) provides the x-ray diffraction pattern for each
particle. This information is helpful in distinguishing organic from mineral particles, and
in classifying the type of asbestos (e.g. chrysotile vs. amphibole).

A variety of different methods have been developed for use of TEM to analyze asbestos,
including ISO 10312 (ISO 1995), AHERA (USEPA 1987), NIOSH 7402 (NIOSH 1994c) and
EPA 100.2 (EPA 1994). These methods differ from each other mainly in the counting rules that
specify the minimum length, width and aspect ratio requirements for counting a particle, and in
the strategy for dealing with complex structures (bundles, clusters, matrix particles). At Libby,
in order for a particle to be counted as asbestos, the length must be 0.5 um and the aspect ratio
must be, 3:1. Results are generally reported in units of structures per cubic centimeter of air
(s/cc) for air samples, million fibers per liter (MFL) for water samples, structures per gram
soil/sediment (s/g) for solid samples, and structures per gram of tissue (s/g) for biological
samples.

When a sample is analyzed by TEM, individual asbestos structures are observed, and their size,
shape, and mineral class are recorded. At Libby, the mineral classes are categorized as:

LA  Libby-class amphibole. Structures having an amphibole SAED pattern and an
elemental composition similar to the range of fiber types observed in ores from
the Libby mine (USGS,2001). This is a sodic tremolitic solid solution series of
minerals including actinolite, tremolite, winchite, and richterite, with lower
amounts of magnesio-arfedsonite and edenite/ferro-edenite.
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OA  Other amphibole-type asbestos fibers. Structures having an amphibole SAED
pattern and an elemental composition that is not similar to fibers types from the
Libby mine. Examples include crocidolite, amosite, and anthophyllite. There is
presently no evidence that these fibers are associated with the Libby mine.

C Chrysotile fibers. Structures having a serpentine SAED pattern and an elemental
composition characteristic of chrysotile. There is presently no evidence that these
fibers are associated with the Libby mine.

NAM Non-asbestos material. These may include non-asbestos mineral fibers such as
gypsum, glass, or clay, and may also include various types of organic and
synthetic fibers derived from carpets, hair, etc.

Scanning Electron Microscopy (SEM)

Scanning electron microscopy (SEM) may be used to evaluate filtered samples of water, air or
dust, and may also be used to evaluate asbestos fibers found in solid samples and biological
samples. Like TEM, scanning electron microscopy (SEM) uses high energy electrons to
irradiate the filter, but the image is generated from diffracted rather than transmitted electrons.
Thus, an SEM image is more three-dimensional than a TEM image. Most SEM instruments are
fitted with EDS but not SAED. Thus, it is normally possible to distinguish asbestos from non-
asbestos particles and to classify asbestos particles by mineral type, but the determination is less
definitive than by TEM. However, except in situations where fiber classification is difficult,
differences between fiber counting results obtained by SEM and TEM will generally be minor
(ISO 2002).

3.0 FATE AND TRANSPORT OF ASBESTOS IN THE ENVIRONMENT

Releases to the Environment

Asbestos occurs naturally in the environment and may be released to water and air from erosion
and the weathering of natural deposits of asbestos-bearing rocks. However, asbestos is more
likely to be released to the environment when these natural deposits are disturbed during
processes such as mining operations. Asbestos is also released to the environment from the
crushing, screening, and milling of ore, the processing of asbestos products, the use of asbestos-
containing materials, and the transport and disposal of asbestos-containing wastes (ATSDR,
2001).

Transport and Deposition
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Once asbestos fibers enter the environment from either a natural or artificial source, they tend to
settle out of the air or water and deposit in soil and sediment (USEPA, 1977; USEPA, 1979).
Asbestos fibers can be re-suspended into the air or water following soil and sediment
disturbances. The rate at which asbestos particles settle out of the air or water depends on their
size, and interaction with natural organic matter may increase their precipitation in aqueous
environments (ATSDR, 2001; USEPA, 1979). Jaenicke (1979) reported that the residence time
for a particle to remain airbomne is shortest for the smallest (0.001 um in diameter) and largest
particles (100 um in diameter), and greatest for particles ranging from 0.1-1 pm in diameter.
Fibers in this size range could be transported 10ong distances in air.

In water, asbestos fibers may also travel long distances from the point of origin, depending on
the surface chemistry and detailed mineralogy of the fiber (USEPA, 1979). Tailings from
taconite mining containing asbestos fibers dumped into Lake Superior were detected in the
drinking water of Duluth, MN, about 75 miles away from the point source (USEPA, 1979).

In soils, asbestos will tend to be retained at or near the surface. Movement of asbestos fibers
through soils occurs during runoff or erosion. Asbestos particles in soil are fairly immobile, and
particles less than 2 pm in diameter will tend to move at the same rate as clays (about 1-10 cm
per 3,000-40,000 years) (USEPA, 1977). Asbestos fibers deposited in soil may be re-suspended
in to the air by disturbing the contaminated soil (e.g. vehicular traffic and mining operations).

Transformation and Degradation in the Environment

Asbestos fibers are nonvolatile and insoluble; they are transported and distributed by air and
water and tend to persist under typical environmental conditions (ATSDR, 2001). In general,
asbestos is exceptionally resistant to thermal degradation and chemical attack. However, there
are differences in the ability of different types of asbestos to persist in the environment. For
instance, chrysotile asbestos is expected to degrade more readily than amphibole asbestos under
certain environmental conditions (e.g. acidic environments) (ATSDR, 2001).

Air. Asbestos particles are not known to undergo any significant transformation or
degradation in air (ATSDR, 2001).

Water. Asbestos fibers are relatively stable in water and are not prone to significant
chemical or biological degradation. However, some asbestos fibers may undergo
chemical alteration and adsorb additional organic agents. In general, asbestos does not
volatilize from water surfaces. In water, at low pH, chrysotile asbestos may undergo
some dissolution as magnesium hydroxide leaches from the outer brucite layer, but
amphibole asbestos is expected to persist in aquatic environments virtually unchanged for
long periods of time (ATSDR, 2001).
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Soil. In general, asbestos fibers are not known to undergo significant transformation or
degradation in soil (ATSDR, 1999). However, the World Health Organization (WHO,

1998) reports that chrysotile asbestos in surface soil will undergo chemical degradation
producing profound changes in soil pH and releasing a variety of trace metals in to the

environment (WHO, 1998).

4.0 ASBESTOS TOXICITY

A literature search was performed to identify studies that provide information on the effects of
asbestos on ecological receptors. Attachment 1 provides a summary of the studies that were
located. In general, toxicity data are very limited for most ecological receptors and absent for

others. A summary of the information that is available is presented below.

Aquatic Invertebrates

To date, only three studies have been identified that provide data on the toxicity of asbestos in
water to aquatic invertebrate species. In these studies the form of asbestos used in the exposures
was either chrysotile or crocidolite and not LA. Adverse effects that have been observed in
aquatic invertebrates exposed to asbestos in water under laboratory conditions include increased
mortality and decreased growth and reproduction. Decreased siphoning activity, decreased
growth and decreased reproduction (increased larval mortality) was observed in the adult asiatic
clam (Corbicula fluminea) exposed to asbestos concentrations (chrysotile) as low as 10* fibers/L
(Belanger et al.,1986). In larval C. fluminera, increased siphoning activity and decreased
growth was observed at lower asbestos concentrations of 107 fibers/L (Belanger et al., 1986).
The exposed larval C. fluminera accumulated in asbestos fibers in the gill and visceral tissue
when exposed to 10° f/L and the fiber accumulations in gill tissue were associated with
deteriorated gill tissue (Belanger et al., 1986). In brine shrimp, significant mortality was
observed at exposures of 1.2x10® fibers/L of chrysotile asbestos but not crocidolite (Stewart and
Schurr 1980).

Fish

To date, seven studies have been identified exposing five different fish species to asbestos in
surface water. In all of these studies, the form of asbestos was chrysotile. Adverse effects that
have been observed in fish exposed to asbestos in laboratory water include decreased growth,
increased mortality, and altered behavior. Adverse effects observed in larval Japanese medaka
(Oryzias latipes) exposed to asbestos (chrysotile) included decreased growth, increased
mortality, and increased thickening of the epidermis at concentrations of 1x10° fibers/liter (L)
and higher (Belanger et al., 1990). In Coho salmon (Oncorhynchus kisutch), significant adverse
effects on behavior were observed at asbestos (chrysotile) exposures of .5E+10° fibers/L
including adverse rheotaxic position and balance. Fish were found laying on their sides in the
bottom of the tank by day 13 and by day 20 nearly all fish were displaying this behavior.
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Prodding with glass rods induced erratic swimming movements, characterized by tight spirals
and returning to rest on the bottom (Belanger et al., 1986). This exposure was also associated
with distortion of the lateral line regions and cellular histolysis resulting in eroding of the
epidermis, extensive vacuolization of cells along the ventrum, tumorous swellings, and coelomic
distentions. As the lateral line organs of fish are essential to orientation, and equilibrium
maintenance, the observed adverse effects in the behavior of the exposed fish are associated with
the lesions observed in the lateral line (Belanger et al., 1986).

Terrestrial Plants

To date, no studies have been located on the effects of asbestos in soil on terrestrial plants.

Soil Invertebrates

One study (Schreier and Timmenga, 1986) was located in which earthworms (Lubricus rubellus)
were exposed to soils contaminated with asbestos under both field and laboratory conditions.
However, no information was presented on the level of asbestos in the soils or the organisms or
on the occurrence of effects in the worms. Several studies have documented an increase in levels
of asbestos in soil invertebrate tissues collected on or near asbestos-contaminated sites. Near an
asbestos-cement factory in India, asbestos fibers were detected in earthworms and snails, and
higher concentrations were observed in worms compared to the soils (Musthapa et al. 2003).
Two other studies (Glovinova et al., 1994 and Greig-Smith et al., 1992) also found substantial
accumulation of asbestos and metals by earthworms surviving at a contaminated site. These data
suggest that soil invertebrates such as worms are exposed to asbestos in soil and that they may
tend to accumulate fibers. However, whether this results in adverse effects or not is unknown.

Mammals

There are numerous studies on the carcinogenic effects of both chrysotile and amphibole
asbestos following inhalation exposure or intrapleural implantation. These studies are not
considered here because carcinogenic effects on wildlife species are not typically of concern for
ecological risk assessments unless they can be associated with adverse effects on growth,
reproduction and survival.

To date, several studies have been identified that expose mammalian laboratory species to
different forms of asbestos via inhalation or ingestion exposures. Most studies are with the
chrysotile form of asbestos for ingestion exposures (gavage, drinking water or diet). The review
of data for mammalian species focused on possible adverse effects to growth, reproduction or
survival as these are the endpoints of potential concern for wildlife species.

For mammalian species exposed to amosite asbestos via inhalation exposures, no adverse effects
on growth or survival were observed at exposures as high as 250 World Health Organization
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(WHO) fibers (longer than 5 pm) per cubic centimeter (cc). Histopathological effects on the
lung, however, were observed at 25 WHO fibers/cc including bronchiolization, macrophages,
neutrophils, mesothelial hyperplasia and hypertrophy, and many well-defined microgranulomas.
The severity of effects increased with increasing dose (Hesterberg et al. 1997) (Attachment 1).

For mammalian species exposed to amosite asbestos via ingestion in drinking water, no effects
on growth or survival were observed at exposures as high as 13,000 million fibers/liter (Smith et
al., 1980). Exposures of amosite via gavage up to 100 mg/org did not result in any pathology
changes to the small intestine (Meek, 1983) (Attachment 1).

For laboratory rats exposed to chrysotile asbestos via ingestion in dietary studies, no significant
effects on growth or survival were observed at exposures as high as 360 mg/day over a 24 month
period (Truhaut and Chouroulinkov 1989). A separate study, however, showed reduced growth
in the first six weeks in juveniles over a lifetime exposures at 1% in the diet (Cunningham et al.
1977). Dietary exposures at 10% of the diet were associated with adverse colon histopathology
(Donham et al. 1980). For exposures of chrysotile asbestos via ingestion in gavage studies, no
significant effects on reproduction (pup survival, litter size, or growth of pups) were observed at
50 pg/org (Haque et al., 2001) (Attachment 1).

The toxicity studies identified for asbestos exposures to mammals via either inhalation or
ingestion are summarized in Attachment 1.

Birds

To date, there have not been any laboratory studies identified that expose avian species via
inhalation, or ingestion to any form of asbestos. One study was identified that exposed chickens
to asbestos via intrapleural injection (Peacock and Peacock, 1965) but this study was not
reviewed as the exposure was not considered relevant for exposures to ecological receptors.

5.0 HISTOPATHOLOGY

5.1 Mammals

A large number of studies have been performed in animals to identify the effects of asbestos on
the respiratory tract, and to a lesser degree on other organs (e.g. gastrointestinal tract). In
animals, histological signs of tissue injury can be detected at the site of deposited fibers within a

few days (ATSDR 2001). Some histological results are briefly summarized below.

Non-pulmonary Histopathology

Chronic studies of rats exposed orally to doses of 20-140 mg/kg/day chrysotile have described
histological and biochemical alterations of cells of the gastrointestinal tract (Delahunty and
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Hollander 1987, Jacobs et al. 1978a, 1978b). Lifetime studies performed by the National
Toxicology Program (NTP) on rats and hamsters exposed to high doses (1% in the diet) of
chrysotile, amosite, crocidolite, or tremolite did not detect any significant histological changes in
any systemic tissues (NTP 1983, 1985, 1988, 1990a, 1990b, 1990c). However, in a chronic
lifetime study on male rats exposed to high doses of chrysotile asbestos (1% in the diet),
Cunningham et al. (1977) reported the presence of lesions in the parathyroid tissue, brain tissue,
pituitary tissue, endothelial tissue, kidney tissue, and peritoneum tissue. No effects were
reported in rats treated for only 6 weeks. This study also reported malignant tumors along the
gastrointestinal tract of two of the rats in the test group, while no tumors were reported in the
control group. Corpet et al. (1993) reported the induction of abberant crypt foci in the colon,
putative precursors of colon cancer, of female rats treated with a single dose of 30 mg/kg
chrysotile asbestos, a single dose of 40 mg/kg crocidolite asbestos, or three doses of 33
mg/kg/day crocidolite asbestos by gavage. No effects were reported in mice that received either
a single dose of 100 mg/kg chrysotile or three doses 50 mg/kg/day crocidolite.

Pulmonary Histopathology

A study by Reeves et al. (1974) reported histological changes in the form of fibrosis and
sarcomas in the lung tissue of rats, rabbits, guinea pigs, gerbils, and mice exposed for two years
to approximately 50 mg/m3 amosite asbestos via the inhalation route. Similar results were
reported in animals exposed to 50 mg/m3 crocidolite or 50 mg/m3 chrysotile. Fibrosis has also
been noted in rodents after exposure to 132 f/mL chrysotile for 5 hours (McGavran et al. 1989),
exposure to 330 f/mL chrysotile for 15 weeks (Donaldson et al. 1988), and chronic exposure to
54-2,060 f/mL chrysotile and amphibole asbestos (Davis et al. 1980a, 1980b, 1985, 1986). Davis
et al. (1978) reported histological changes in the lungs and alveoli of rats following 14-29
months of inhaling 10 mg/m3 asbestos dust. This study evaluated three different types of
asbestos, crocidolite, chrysotile, and amosite. Lung tumors and lesions along the respiratory
bronchioles, alveolar ducts, alveoli, and lung tissue were reported following exposure to all three
types. However, the authors reported that granulomatous deposits around the terminal
bronchioles appeared earlier in those rats exposed to chrysotile asbestos compared to those
exposed to the amphibole asbestos. Peritoneal mesothelioma was only reported in the rats
exposed to chrysotile asbestos. Mesotheliomas have been observed in rats and baboons
following inhalation of asbestos (Davis and Jones 1988, Davis et al. 1985, Wagner et al. 1974,
1980, Webster et al. 1993).

5.2 Fish

Data on histopathological changes in fish exposed to asbestos are limited. A field study
conducted along the Yukon River in Alaska (Yasutake 1982, 1983) and several laboratory
investigations reporting histological changes occurring in fish exposed to chrysotile asbestos are
briefly summarized below.
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Field Observations

Naturally elevated levels of asbestos ranging as high as one billion amphibole fibers per liter
water and 100 million chrysotile fibers per liter water have been reported in the Yukon River that
runs through Canada and Alaska (Millette et al. 1983). Yasutake (1982, 1983) reported on the
histopathology of gill, kidney, skin, muscle, heart, liver, and gut tissue of asbestos-exposed
fishes collected during the summer from the Yukon River. The authors reported that the most
consistent histopathological changes were observed in the gill lamellae, skin and kidney tubule
epithelium. Changes in the gill consisted of lamella aneurysm as well as epithelial hypertrophy
and/or hyperplasia, sloughing, degeneration and necrosis. Epidermal sloughing and a reduction
in the number of mucus cells in the epidermis were noted among most fish. Amorphous foreign
bodies were reported in the kidney tissues and there were noticeably more extensive
intracytoplasmic ceroid-like material present in the epithelial cells of the renal tubules compared
to “control” fish. Various stages of muscle fiber degeneration were observed in some of the fish,
and most fish exhibited varying amounts of vacuolated liver cells. Yasutake et al. (1982, 1983)
noted that the observed pathological changes were non-specific and could have been “caused by
any combination of particulate matters, such as asbestos etc., trace and heavy metals and/or a
number of miscellaneous chemicals”.

Laboratory Observations

Studies by Belanger et al. (1986, 1990) investigated the effects of chrysotile asbestos on various
lifestages of Japanese Medaka (Oryzias latipes), coho salmon (Oncorhynchus kisutch), and green
sunfish (Lepomis cyanellus). Epidermal thickening, epidermal lesions, and partial epidermal
necrosis were observed among all species of fish tested. Histopathological examination of the
lateral line organ in larval coho salmon treated with 3.0E-06 {/] chrysotile asbestos revealed
distorted lateral line regions characterized by severely eroded epidermis or the nerve resting in a
constricted channel. Belanger et al. (1986) also observed abnormal swimming patterns and
hypothesized a correlation with the destructive effects observed on lateral line histology. Two
of 106 larval coho salmon exposed to chrysotile asbestos developed tumorous swellings in the
gill region (Belanger et al. 1986). Two-month old Amazon mollies (Poecilia formosa) exposed
to chrysotile asbestos in their aquarium water at concentrations of 0, 0.1, 1, 10 mg/L for 6
months developed lesions of the kidneys and gills (Woodhead et al. 1983). Three of twenty
mollies exposed to 1 mg/L chrysotile asbestos showed small areas of vacuolation and necrosis of
the sarcoplasm of the bulbus arteriosus in the heart tissue. No pathological changes were
regularly seen in other organs that were examined including the liver and the muscles, and no
effects were noted upon the skin.
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Table 1. Analytical Methods for Analyzing Asbestos

MEDIA-SPECIFIC DETAILS

METHOD

DESCRIPTION

AIR

TISSUE

Phase Contrast
Microscopy (PCM)

Quantitative method used for estimating
asbestos concentrations in air samples through
an optical mechanism that visualizes
differences in image contrast.

This method cannot distinguish between
asbestos types or differentiate asbestos from
non-asbestos.

Low magnification ~ 5 - 400X.

Counting Rules

AR >3:1, Length > 5 um,
Thickness > detection limit (about]
0.25 um). Bundles counted as 1
structure unless individual fibers
can be distinguished.

WATER

SOIL/SEDIMENT

Quanitification

Quantitative method.
Limit of detection < 7 /mm’
(usually 0.05 s/cc).

Reporting Units

Data are reported as structures
er ml of air (s/cc).

Polarized Light
Microscopy (PLM)

Light is transmitted through a sample and then
filtered with a polarizing lens in order to
visualize its components. This method can
distinguish between asbestos types and can
differentiate asbestos and non-asbestos,

Low magnification ~ 5 - 400X.

Counting Rules

AR > 3:1, assign mineral type to 1 of 5
defined asbestos types.

Quanitification

Visual Area Estimation (VE): A semi-

_ {Point Counting (PC): Quantitative

{non-asbestos) (generally 400 or 1,000)

_ [reticule (point array) or cross-hair.

_ |Gravimetric (GRAV): Quantitative

quantitative approach used to estimate
the area fraction of the total material
present in a field of view.

approach that involves counting the
total number of particles (asbestos vs.

laying on superimposed points in the
microscope field created by an ocular

approach that estimates the mass
percent of asbestos in the coarse
fraction (>1/4")

Area Fraction (AF) or Mass Fraction
(MF) as a percentage. (Calibration

Transmission
Electron
Microscopy (TEM)

Reporting Units * |standards required to estimate mass
fraction).
AR >3:1 AR >3:1 AR >3:1 AR >3:1
G i " Counting Rules Length > 0.5 um Length > 10 um Length>0.5 um Length > 0.5 um
ta thod used for all med
Quantitatrve mettiod used forall medi it can (1SO 10312 & AHERA) (EPA 100.1 & 100.2) (ISO 10312) (SO 10312)

distinguish between different asb types
based on energy-dispersive X-ray (EDS, EDX)
which characterizes the elemental content and
selected area electron diffraction (SAED)
which characterizes the crystalline structure.
Provides 2-dimensional look at asbestos
morphology.

High magnification ~ 500 - 20,000X.

Quanitification

Quantitative method. Sensitivity
depends on volume of air
collected, filter area, dilution
factor and number of grid
openings counted.

Quantitative method that
determines numerical
concentration and estimates mass
concentration. Sensitivity
depends on water quality
(turbidity).

Qualitative, semi-quantitative - assigned|
as present or absent

Qualitative, Semi-Quantitative,

| .

Quantative - Depends on level of
Imethod validation

Reporting Units

Data are reported as structures
per ml of air (s/cc).

Data are reported as million fibers
per liter of water (MFL).

Structures per gram of soil/sediment
(s/g)-

Structures per gram of tissue
(s/g)-

Scanning Electron
Microscopy (SEM)

Quantitative method that can distinguish
between different asbestos types based on
energy-dispersive X-ray (EDS, EDX) which
produces 3-dimensional images of asbestos
morphology.

High magnification ~ 50 - 10,000X.

Counting Rules

AR > 3:1, may be < 3:1 for clearly

{fibrous particles. Classify into 3

asbestos types (LA, OA, C).

AR > 3:1

Quanitification

Qualitative, semi-quantitative - assigned|

" |as present or absent

Qualitative, Semi-Quantitative,
Quantative - Depends on level of
method validation

Reporting Units

Structures per gram of soil/sediment

Structures per gram of tissue

|(s/g)-

(s/g).




Scanning electron micrograph of asbestiform amphibole from
a former vermiculite mining site near Libby, Montana. Source:
U.S. Geological Survey and U.S. Environmental Protection
Agency, Region 8, Denver, Colorado

Figure 1. SEM of Libby Amphibole



Organism Category

Exposure Route

Asbestos Type

Effect .

Primarily chrysotile, one

MOR, BEH, GRO, REP,

Aquatic Invertebrates Water stud?' to ‘date reports PATH, ACC
crocidolite
Terrestrial Invertebrates Diet Chr}fson.le, amosm.e, GEN
crocidolite, tremolite
Aquatic Plants Water Chrysotile ACC
Terrestrial Plants* - -- -
: y MOR, BEH, GRO, REP,
Fish Water Chrysotile PATH, ACC
Birds ** - -- -
Chrysotile, amosite
; y : S MOR, BEH, > ,
Mammals Diet, gavage, inhalation |chrysotile/crocidolite 0 CRES, REE

mixture

PATH, ACC

*Papers on terrestrial plants have yet to be searched.
**To date no papers have been located that report on the oral or inhalation toxicity of asbestos in birds.
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Summary of Toxicity Data to Date

Reference

Test Organism

Exposure Route

Asbestos Type

Summary of effects

At levels of 10* /1, decreased growth and decreased siphoning activity in adults exposed for 30 days, and reproductive toxicity

(sucrose-water)

Non-fibrous

Belanger et al. 1986 Asiatic clam Water Chrysotile ) . i
in adults exposed for 14 days. Changes in gill ultrastructure of adult clams noted at levels of 10° f/1 exposed for 30 days.
No effect on juvenile mortality in clams exposed for 30 days. Decreased growth in juveniles exposed for 30 days to levels of
Belanger et al. 1986 Asiatic clam Water Chrysotile 10* f/1. Scasonal differences in shell:tissue growth with lower values in the winter than the summer. Decreased siphoning
activity in juveniles exposed for 30 days at levels of 1G 1 (summer) and 10* £ (winter).
Cheysotilear Minimum survival in 400 mg/1 short fiber chrysotile. Short fiber chrysotile causes higher mortality than medium or long fiber
Stewart and Schurr 1980 Brine shrimp Water Crocidolit chrysotile. Short fiber crocidolite causes same mortality as short fiber chrysotile, although there were issues with getting
g crocidolite into solution.
Crocidolite,
Diet Chrysotile, In flys exposed for 3 days, chrysotile and amosite induce sex-chromosome aneuploidy inDrosophila oocytes. Chrysotile
Osgood and Sterling 1991 Fly Amosite, and  |induced both chromosome gain and loss, while amosite only induced chromosome loss. Crocidolite and tremolite were

ineffective in the assay test.

tremolite
Coho salmon and No effect on mortality at levels of 10° /1. Following stress tests, coho larvae and juvenile sunfish exposed for 40-86 days
Belanger et al. 1986 RE— Water Chrysotile demonstrated behavioral effects such as loss of rheotaxic position and balance, corresponding to distortion of the lateral line
region. Cellular histolysis of the ventral epidermal tissue.
. . P . 6 o g 8 2 .
Belanger et al. 1990 ——— Clirgotite ngnfﬁcam growth reduction in juvenile anfi larval fish exposed tAo 10° f/1, and 100% morta]‘lty at 10” f/1 in 56 days of exposure.
Significantly reduced spawning frequency in adult fish treated with 16 1. Exposed eggs did not exhibit adverse effects.
In rats fed a diet containing 1% chrysotile asbestos, grew significantly less than controls in the first six weeks of exposure.
Cunningham et al. 1977 Wistar rats Diet Chrysotile The difference in weight was maintained for several weeks and then the weight of the treated rats gradually approached that of
controls.
Delahunty and Hollander 1987 i‘; Zaguc-Dawley Drinking water Chrysotile Rats exposed to 0.5 g/l-day for 1.5 years showed no significant effect on growth or kidney function.
s " ’ = — y : . = -
Donham ct al. 1980 Fisher F344 rats Diet Chrysotile Ce?lular functlon.xmpactcd in r.ats fed a diet containing 10% chrysotile asbestos for 32 months. Frequency of non-neoplastic
lesions was not significantly different from controls.
Haque ct al. 2001 ICR Mice Ga\{age ) Ghrysotile No .51gmﬂcan.t reproductive effects seen in mice dosed with 50 ug chrysotile asbestos twice prior to pregnancy, and twice
(saline vehicle) during gestation.
1 P . . ’ "
Syrian Golden azr;sznl No significant effects on mortality or growth reported in hamsters treated with 250 WHO f/cc for 12 months. Lung weights
Hesterberg et al. 1997 T 2 t Amosite were increased in hamsters treated with 125 WHO f/cc and 250 WHO f/cc. WHO fiber lung burdens showed time-dependent
Hamsters inhalation . " : st g6 -
chissithers) and dose-dependent increases. Severity of adverse lung effects increased with time and with dose.
Smith et al. 1980 Golden Syria Ditinling Witte Adaeits No s1g1uffcarft effect on m‘ortahty or growth in juvenile hamsters treated with up to 13000 millions of fiber/liter water per day
hamsters over the lifetime of the animal.
Chrysotile only
; X or Chrysotile
Truhaut and Chouroulinkov ~ |Wistar Han SPF Diet (75%)/ No significant effect on mortality or growth in juvenile hamsters treated with up to 360 mg/day of either chrysotile only diet,
1989 rats o or a mixture of chrysotile and crocidolite in the diet for 2 years.
Crocidolite
(25%) mixture

*No studies on oral or inhalation toxicity in birds found to date.
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| | -
Invertebrate Toxicity Data Extracted from Primary Literature
Reference | Record ID | Genus/Species | Common Name | Sex Lifestage :"::“":' Fiber Type [ Analysis Deteation Exposure E:JP":":" Duration | Duration Units Endpoint Effect Length Distributions Width Distributions NOEL | LOEL Notes
Without food. decreased siphoming ag
. [ Adult 1 4ok 148 hours; by 72 hours at 1/3 control
Belangeretal.| 0000 (I;"’:'l’“""  Asiatic clam NR (shell length 12.5|Water Chrysotile  [TEM ;‘:’:‘:; 5 ";r'“ 10 g 9% bours  |Behavior levels. Not reported Not reported 10
juminea 17 mm) . 10°, 10 With food: No significant difference
i 1
i Significant increases in mortality of
Belanger et al, Corbicula . 1.79E-04 - 0, 10%,10° . larvac and decreases in larvac 2
5 : )
0520 it |intic clam NR (‘T:I“l;ng\h 125\ Water Chrysotile  |TEM Ripepee et 0 u days  [Reproduction  icaiod 4wty i 30 Not reported Not reported 0'n
10° fml.
Belanger ct Corbicula pdalt 179604 o, 10,1 Decreased siphoning activity in all
i ori - » . E - ,10%, " "
40520 i, |Asistc clam NR (\;;.::Tm 12.5|Water Chrysotile | TEM P Rehic 7 30 days  [Behavior fachaas Not reported Not reported 0'n
(Adult .
Belanger et al, Corbicula ) ’ 1.79E-04 - 0, 10°, 10 [Decreased growth and decreased shel %
. S 1 3 0%,
s 40520 e |Asiatc clam NR (‘s;k"lilnl;ngm 125\ Water Chrysotile  |TEM oD aeh Ak 1 30 days  [Growh et e sty Not reported Not reported 0'm
= . Tncreased number of locules in cach
Belanger et al Corbicula 1.79E-04 - 0, 10%, 10 i 005), and locules .
5 c s
o 40520 e |Asintc clam NR 1];;1::‘:?@ 12.5|Water (Chrysotile  |TEM bhepah R i 30 days  |Gill ultrastructural changes et B Not reported Not reported 1091 [Only clams exposed to 1/ fim were examined for gill changes.
4 [Decreased siphoning activity in all |Clams were collected and studied to compare seasonal differences
5 5 o iphoning mpare e
Belangeretal.| ;g ‘ﬁﬁ‘;’;’"’  Asiatic clam NR :ﬂ:]‘ = ”) Water (Chrysotile  [TEM < 10';m 105105 141 30 I:‘i’c‘“"":’ Betavior i Not reported Not reported 1000 | 10t [(winter and summer). Controls mean siphoning activity of 70.8%,
" - lexcept 10" 1 in summer (p<0.05). while exposed clams mnged from 53.1% (10 1) to 64.7% (10°81)
Belanger et al Corbicula " buvenile (5.2-86 " 0,10, 10, |;0 days (expowd Significantly less shell and tissue B o
17290 ol INR e L Chrysotile | TEM < 10'm i e 30 e o e iy Not reported Not reported wa | wto [0
Belanger et al. Corbicula ” juvenile (5.2-8.6 " ” 0,107, 10", 0 days (apowd . ’ . 2/120 (1.7%) died at highest exposure in summer. No mention of
1 <
B 15 17290 e |90 clam NR o shell engety | 4° Chrysotile | TEM 10*m sl 30 by [ Mortality No significant effect Not reported Not reported 10'n it
- ” 0 size and surface area of [Control clams possed gill amellac in which locules accounted for 14.7
Belanger etal. Corbicula . [Juvenile (5.2-8.6 . " 0, 10% 1 d-y-(npomd ; rcxcaice o e - b
Fch 17290 Gminea[siaticclam NR o shel emgety | 2% (Chrysotile  |TEM < 10t 0 B 30 e Gillulmstructurs changes 1.“1:: the gill t the highest Not reported Not reported ' 2;[3 19 of total surface arca. Summer exposed clams accounted for
Fibers accumulated in gill and viscerd
Gills: 0,059 um - 0,099 um:
. " i Gills: 0.715 um - 0.832 um; [ Control and 10° 1 were below detection limits, Authors siate
Belanger etal. Corbicul " suvenile (5.2-8.6 i 0,104,104, |;m day sed | ““"““‘""’""P‘“""""d”' _ Viscera: 0.292 um - 0.338 um;: groups
g 17290 ﬂfm‘:’:: [ Asiatic clam NR ot i L (Chrysotile  |TEM < 10'm g 30 s (exposed Finer e 10X greaterinViscer: 1977 um - 3319 umall G0 BHE RS BETR R, | hat fiber accumulations in gilltissue are reflected in deteriorated gill
nibis icera (1 wo Timg) than gill ssue  |sgnificantly different from water. | * tissue and greater tissue water content in ashestos exposed clams.
(150 fimg)
" ' 2 ioh Decreased siphoning activity in all [Clams were collected and studied to compare scasonal differences
”““'I‘g;“ b T ;,’;':;;“:  Asiatic clam NR m:;::;; Water TEM <10 .10, 007 o1 30 t’.;:"‘"“‘“‘ Behavior bes 1 i Not reported Not reported 10701 |(winter and summer). Controls mean siphoning activity of 73.8%,
10 1010 ke in winter (p<0.05). while exposed clams ranged from 50.3% (16 1) t0 65 8% (101
il " < [Clams exposed (0 16* 1 and above in winter had reduced sheli and
Belanger et al. Corbicula . Juvenile (5.2-8.6 . . 0.10%, 104, |¢ days (exposed Significantly less weight gain at 1071 5 4
17200 Tominea |t clom NR o bl ompiy | (Chrysotile ~ [TEM < 10° 01 Fohts 30 ke iy [Gow i yrnns Not reported Not reported 101 | 10°00 [weightgrowin: however, only weigh gain wassigaificantly alerd
i 10° £1 compared to controls
Belanger etal. Corbicula " [ luvenile (5.2-8.6 . " 10104, ¢ days (exposed . " " 3/60 (5%) died at highest exposure in winter. No mention of control
17290 Giominea[Asinticclam NR oo shell emg [ ¥ (Chrysatile  |TEM < 10t ;0 o 0 b minten [Morality [No significant effect Not reported Not reported 10 ¢ picl
3 Tncreased size and surface area of [Control ol 0 il Tamellne in which locul e Tor
Belangeretal| 10, Cordloa: |y s i NR Prvetile (528610, Chrysotile  [TEM <10'm 0.10, 105 101 30 days (exposed | oy 1 tructural changes  [locules i the gill st the highest Not reported Not reported 1091 {167 +/- 4.2% of total surface area. Summer exposed clams sccounted
fhuminea mm shell length)| 0, 10°, 10 in the winter)
10 osure. for 27.6 +- 7.2%
Fibers accumulated in gill and viscerd
" i o lams exposed to 10 1
Belanger et al. Corbicula uvenile (5.2-8.6 5 0,10%,10°, | days (exposed e n Sl expod .
W S < 10t cumulat i < 10X greikr: [Not reported o P detect
17290 Tminea |t clom NR s gt Chrysotile | TEM 0 n o 108 1t 30 o the wintey [Fiber Accumulation Fibe burdcns ~ 10X grestrin po ot repor ot 86 10° 01 g wese Boliw desection e
viscera (1100 mg) than gill tissue
(150 fimg).
36708,
P— s o | gtk s ol S St i st e b o Gt e gt
Schurtogo | 40920 Artemia |Brine shrimp  |F G amproiay | Chrysatile SEM  [Not reported e u hours  [Mortality oo groups compared to (:I'xba 1:;@ frequency plotted in Not reported 200mg1 | e footng mocanisen or ngestion of ssbesios (aplicabl acvesd
(0,200,400, |(mgn) e e all exposures).
800, 1600)
61E07, |
L2e108, [ . &
S — - by [Decrease in survival in ll exposure. |"Medium fiber chrysotile” (Fiber
Soirtom | A0 Artemia |Brine shrimp ¥ G dapeoisy [ (Chrysotile SEM  [Not reported P 2 bours  |Mortality groups compared to controls. Authors length frequency plotied in Figure Not reported in comparison to 3-day short chrysotile tests, 5o signifieant differences!
0,200,400, |Gugh do not discuss significance. 4)
800, 1600)
226407,
e i [ Decrease in survival in all exposure |"Long fiber chrysotile® (Fiber
Stewart and N = = Larvac BIE+07, 5 g n comparison to 3-day short chrysotile tests, only significant differencq
e 1050 | 40420 Artemia  |Brine shrimp ¥ S aapeoiy [Moer (Chrysotile SEM  [Not reported et u bows  [Mortality compared to controls. Authorlength frequency ploted in Figure Not reported e o e 708 i M ol Gt
do not discuss significance. 4)
(0,200,400, |(mgn)
800, 1600)
12408,
24e008, |71 " [Mean survival rates are higher than those for the 3-day olddriemic. A
Significant decrease in survival in all|"Short fiber chrysotile' daos s
Stewart and . " Larvae " 48408, ; . significant increase in survival is scen atall levels of asbestos
commrioge | 0420 Artemia  |Brine sheimp  {F Quiaoy | Woer | Comsotte | SEM Not reparted e u hours  Mortality e ruge comparcd @ i:bal‘e;yglb frequency platted in Not reporied 1200 mg/t e L% ey o
(0,200,400, [(mg/) [ o tests
800, 1600;
AAE107, :
88EH07, |7 [Crocidolite allows s higher survivai rate, although suthors soie that the
st i Frm i) o |Short fiber amphibole” crocidolite did not mix in the water as well as the chrysoile, s it e
g 40420 Artemia Brine shrimp F e Water Crocidolite | > XBY Not reported i 2 hours  [Mortality 0 ngth frequency plotted in Not reported 1600 mg/l o stay cither at the top or bottom. In comparison to 3-day short
Schurr 1980 (3 days old) diffraction) 35E408 short fiber chrysotile. . s g gt g
& 0.8, igure 4) ol s, A it a5 mg/l exposu
roups only.
800, 1600)
" nsolubiliy in water may influence the lack of toxic response in this
s(zj“‘“’ ;';’;'l 30800 ";"'"""”" Fly F "“:";‘ i D‘;ﬁ"" % | Crocidolite [Not reported [Not reported o,5.25 mg/m! 3 days Cﬂ“ mascnal sonplaify . Ly, it stiict Not reported Not reported 25 mg/mi experiment. This study was not able to quatify how much asbestos wa
- i Gt deyuol): ) B consumed or how much reached the oocytes
::';'"""‘ ) . b"‘: "",’:" | Authors suggest that the recovery of nearly equal numbers of
Osgood and Drosophila Adult [Diet (sucrose- i [Chromosomal anuploidy in Shmaind low el gl e chromosome gain and loss exceptions may indicate that it acts by
Sdgionn | 20000 s [P F Ery O vir Chrysotile [Notreported [Not reported 0,5, 25 mg/mi 3 s [ e Approximately 9 times the control Not reported Not reported L. [ s sox i e e bt sty o
rate a the high dose. 2/6 aneuploids i g
inducing chromosome breakage
low dose from chromosome gain.
[Significant cffect at high dose with
Osgood and Drosophila Adult Dict (sucrose- Ch I ancuploidy in 3 times the control
Stedmg 1091 | 30800 ity [E8 ¥ P TR ik Amosite  |Notreported [Nt reported o,5,25 jmg/m 3 RO ity A Not reported Not reported S mg/ml (25 mg/ml
loss.
Osgood and Drasophila » Adult Dict (sucrose- | Tremolite | Chromosomal aneuploidy in o
Stoimg 1901 | 30800 e [P ¥ TR e e [Notreported  [Not reported 0,5,25,50 |mg/ml 3 days [ ing [No significant effect Not reported Not reported 25 my/ml
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Fish Toxicity Data Extracted from Primary Literature
o Fiber Identification/ Exposure Duration
Refe ol E EL E|
eference Record ID | Genus/Species | Common Name Sex Lifestage Route of Exposure | Fiber Type | Analysis Comiiag s Exposure O | Duration | P Endpoint Effect NOEL | LOEL Notes
Eggs-larvae lo, 10%, 10 10 [ Two exposure systems - Petri dish and aquaria;
Belanger et al, 1990 20710° |Oryatas laipes  {1spanese Medaka WF water Chrysotle | TEM | Not reported R 1321 days  [Mortality INo significant effect 10 W e e 00 GO T i)
%, 10, 10", [Longer hatching times compared 16 contiols, Sihough Pattern not strictly dose-dependent, eggs exposed 1o lowest dose in petr dishes took the |
Belanger et al. 1990 29770 |Oryzias laripes | Japancse Medaka ME Eggs-larvae water Chrysotile | TEM  |Notreported 0.10, 105105 1 1321 days  [Daysto hatch ldelays were 1 day or less 10" m % R & R " Joond
10, 10’  biol lly significant) to hatch, and at 10° ffml the least time.
. Fiber ID and determinations were made by the & 168 aull . - o
Belanger et al. 1990 29770 |Oryeias laripes | japanese Medaka | sl water Chrysotile | TEM  [Jaffe-Wick Washer technique of Andersonand | 1+ 19 19" |bers I weeks  |Mortality [ty coisplens ey (P 1 by, 10t 10°  |Less than 20% mortality in controls
(<24 old) Long (1980) 10 |Gradual losses in 1 and 10® dose groups.
Fiber 1 and determinafions were made by the o 100
Larvac-juvenile ; o, 10%, 10, 10%, Significant eduction in total ength sartng by the secon . [By day 91, controls were ~30% larger than expose fish. Trend for growth similar to
Belanger et al. 1990 2m0 o Inpancse Medaka MF ex Chrysotle | TEM Wick Wi 6 13 '
ger e Oryias laripes | Iapanese phistinton wa rysotle it Wik Wosher s o Andeonand 11 ibersl weeks  [Growth G s 10t N s
Larvae-juvenile Fiber ID and determinations were made by the | 54 |56 |6  Thickening of epidermal tissue, imegular outer cell layer
Belanger et al. 1990 20770 |Onyzias latipes  |Tapanese Medaka MF 7 water Chrysotile TEM  |Jaffe-Wick Washer technique of Andersonand [ 7 " 'O """ |fibersi 13 weeks |Tissue Pathology  [("sculpting”). Partially necroi tissuc found to contain 10* 10¢
(<24 h old) 10
Long (1980 asbestos fragments
LavvioHirells Fiber ID and determinations were made by the 10, 10%, 10°, 10" At highest dose accumulation after only | month of 375."
Belanger et al. 1990 29770 |Oryzias latipes | Japanese Medaka MF (<24 ‘ old) waler Chrysotile TEM Jaffe-Wick Washer technique of Anderson and l;]"’ P |fibers/t 13 weeks  |Fiber uptake f/mg. At dose of 10 71 after 3 months fish accumulated | Authors state "asbestos uptake is implicated in reduced growth and increased mortality”
Long (1980) 486 7mg.
CRST o e et oty oy, S Fh Tor & o B recovery periol. Deceased
Belanger et al. 1990 29770 |Oryzias latipes  [1apanese Medaka MF : water Chrysotile | TEM |Not reported fibers1 4 months nd viability 16 spuvening frequency and g viabilty,although these effects were o sigificanly differcat
cumulative analys from controls.
Juvenile-adult . 0, 10, 10° " [Differences compared to juvenile larvae could be due (o exposure system (76-L. aquaria vs 4-
Belanger et al. 1990 29770 |Oryzias latipes  |Japanese Medaka MF sy water Chrysotile TEM [Not reported. fibers/| 4 months  |Growth [No significant effect 10" ia) and initial sge of expomure,
Belanger et al. 1990 29770 |Orysias laipes | Iapanese Medaka wE | 'I'""""""" water Chrysotile | TEM  [Not reported 0. 10% 10 ibers1 4 months ::v;::l"‘h"‘:h‘" INo significant effect 10t Suggests transfer from adults to offspring did not occur.
[Varying degrees of sclective necrosis o the hemopoietic
0,0.01,0.1, & tissue, characterized by the development of "holes” or
Woodhead et al. 1983 200 |Poccilia formosa. | Amazon molly F | 2monthsold water Chrysotile | NR [Not reported T Jm/L 6 months [Kidney damage |10 e e e suapensions | 10 s U G o G v B UL, 4, IO S
[possibly from accumulation across the intestinal mucosa. rlllc suspension of asbestos (0.01, 0.1, 1 mg/L), due to concentration dl"ﬂvnm Unabie to
- — d excepti od
’ 0,001,0.1, (Ancurysms, proliferation of the gill epithelium, 0 1 e s pponens; Widoubeoad s o the 1 sk it i
Woodhead et al. 1983 2700 |Poecitia formosa | Amazon molly F 2 months old water Chrysotile NR  [Notreported o et 6 months [Gill lesions [hypertrophy and hyperplasia of cells at the base of the 1 100 e 5 thess i,
' secondary lamellae, fusion of lamellae.
(Woodhead ct al. 1983 27010 |Poecilia formasa | Amazon molly F 2 months old water Chrysotile NR  [Notreported ‘l" ‘1]: LOL - oer 6 months [Heart lesions No significant cffect 10
Belanger et al. 1986 16930 :’;’r""‘""“"" Coho salmon MF Larvae water Chrysotile | TEM  |Fiber morphology outlined by Miller (1978) 2‘0‘6;“‘2;“5' fibers 40-86 days [ Mortality [No significant effect 3.00E+06 (leg m"“;l')“’“' oé CHeymiile-expowirss appeaxtitating (hoas zeporied e Cleeat Laked bust
- Fis ou aing an i sides n h botom o the ik by doy 13, by day 20y all
Belanger ct al. 1986 16930 z""’:”"‘""' Cobo salmen ME Larvac water Chrysotile | TEM  |Fiber morphology outlined by Miller (1978) ‘]’-u“;":;“"' fibers/ 4086 days  |Behavioml effects |10 f theotaxic position and balance in the high dose | ) cop gl
ite group. [characterized by n,m spirals and mmmg 1o rest on lhe bottom.
Distortion of the lateral line rogions aod cellalar isolysig Evidnlun(m: pruenc: of asbestos fn larvac using TEM. Latera! line orgam are casenial
Belanger et al. 1986 0 T st il T ME Larvae water Chrysotile | TEM  |Fiber morphology outlined by Miller (1978) [0 13196 fgersn 4086 dui B c;x:f.lx':: b vzu:.::u;‘w fish 1.50E+06] 3.00E+06] ST o S0 N NI IR ST R Kore
isutch 3.00E 106 e ol fomion g dispiayed normal development and configuration of the interhl
developed coelomic distentions.
[Oncortmans .- - 0. 1506706, Stress test — Study measured susceptbiity to tricaine methancsulfonate (TMS) ancsthesis i asbesios
0 y
Belanger et al. 1986 16030 et Coho salmon MF Larvae water Chrysatile | TEM  [Fiber morphology outlined by Miller (1978) | 50 fibers! 4086 days | e to Ths) | and los of equilbrium faser than contrls LsoB+o6f Y
Oncarimei s [Average total Iengths of control and teated fsh were not signifcantly different. Authors
Belanger ctal. 1986 16930 | neanmehS oo salmon MF Larvac water Chrysotile TEM  [Fiber morphology outined by Miller (1978) [ S0 0% ffibersn 40-86 days  |Growth INo significant effect 3.00E+06) Jdeclare the results of the anesthetic response attributable to exposure of lack of exposure to
3. sbestos, and not to differc in body size.
Belanger et al. 1986 16930 |Lepomis cvamellus |Green sunfish MF Juvenile water Chrysotile TEM  |Fiber morphology outlined by Miller (1978) ‘;' ;“55‘120" fibersl 5267 days  [Mortality No significant effect 3.00E+06
g
Belanger et al. 1986 16930 MF Juvenile water Chrysotile | TEM  [Fiber morphology outlined by Miller (1978) '3' nl‘i;au«i;%’ fibers 52.67 days  [Histology Loss of scales and skin surface tissues 150E+06| 3.00E+06
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Reference Record ID | Common Name | Sex Lifestags o Fiber Type Analysie e | Expos P | Duration | Direte Length Distributions Width Distributions Endpoint Effect Notes
Hoqueetal 2001 | 15510 ICR Mice Pl adupregan | O Chrysotile ISEM + EDXA [Not repoted 0,50 g Single dose on days 2 and |Not reported Litersize No effect 10 pupsliter treaeds 11 pupiter control |
Grvage > = = ol s =) weight pred o comtrols |
Maqueetal 2000 | 1551c ICR Mice | Adupregan | Chrysatile ISEM + EDXA [Not reported [0, 50 g Single dose on days 2 and |Not reported i
Haque etal. 2001 15810 ICR Mice P | Adult preguant davage Chrysatile ISEM + EDXA [Not reported [0, 50 g Single dose on days 2 and [Not reported. Pup mortaliy No significant effect [Poststal etal wortalty igher n treated group; S/61 pupe (8.2%) disd
(saline vehicle) versus 366 4
- Gavage - Tber uptake by e o ]
Haque et al. 2001 15810 ICR Mice B Adeprepn | Cheysotile SEM + EDXA [Not reported [0, 50 o Single dose on days 2 aud [Not reported Not reported Eepniny Fody burden
. o (care 5 myg cheese p Low Dose
Hilding et al, 1981 10460 |Sprague- Dawley Raff  NR Weanling w ": G Chrysotile and Amosite |Microscopy |Not reported 0,20 [mgratday 870 |days INot reported INot reported [Tumor incidence iloryticss hpmploms ol meacticoesl). 14 [l Bt ol sl "" coindr, Depuee """_:"‘"
el s notsignificantly greaer than controls m=|m,m<p<u.ﬂny\1 e
- Fiectron —_— o oo o e, 5 g shca ey (i o
Hildmgctal, 1981 | 10460 [Sproguc-Dawley Raf  NR Weanling N Clrysotileand Amosite.~ [Microscopy  [Notreported | 0,300 |mgratday | 750 [days Not reported Nt reported ;s - amosite anly). Depart ‘mull hypothesis af no difference are o
(Cottage checse) lUsEPA)y fibrosdenomas, and one rat developed leiomyoma. lunmully significantat the $% level (0.225 <P < 0.5) by X2, (N=20)
Delabunty and Hollander ntial weight: 150200 ¢
foie 18300 [Sprague-Dawley R Male NR Drinking watee Chrysotle Notreported  |Notreported | 0,05 |g1-day 15 yeas Not reported Not reparted [Growth No significan effect o i i g
Suggested by
D""""‘"";;:H"""""" 18390 | Sprogue-Dawley Raf  Male N Drinking water Cheysatile INot reported | No reported 0,05 |e1-duy 15 lyean [Not reported Not reported \ S e o pencrionof ese mmpmmd: ‘Absoxption of thamnase- no
fcant el
Delabusy and Holander
fres 18390 |Sprogue-Dawley Raf  Male NR Drinking water Chrysatile [Notreported  [Notreported | 0,05 g1~ day 15 Jyears Not reported Not eported Kiduey Function No significant effect sy
No tumors secn n the control group, but the uthors stae that the
- e cornbined fiber grovps (ashestos and cellulose) were not significantly
Donbametal 1984 [ goto [P memd] | Weanlng (% Diet Chaysotte INot reported ~[Not reported 010 |weight 350 days Not reported Not reported Tumor inchdence (Colon) |sarcoma. Not  significant difernce i tumr rates with (141 77 (b smdard diet group. Sty evaluates cffct of bt
weight basis o control g localized areas of x-rny treatment. Other lesions of the colan
documented. Ten rats demonsrated no lesions
Light No evidence of macrophage response or other pathological changes in
Meck 1983 0390 Wistar rats NR NR Gavage Amosite scop 100 |mgracday 5 o [Nt reported. Not reported Pashology effect Pabivepinkstuganatupoatin
further detail)
Rats received 100 mg amosite daily by gavage for 2 days, on the third
.10 g mdomchcin s e o e k. The
sbeston Sl s
. . regionsof [No tract it
Meck 1983 40390 Wistar rats NR NR Gavage (com oi) Amosite Py Not reported | 0,100 (425) [mg/ra-day 2 | Not reporied INot reported s were kiled.
ract
st wall of e s ewsect s ity o o the pencnion of
nder
o ophag
Golden Sorin Jovenies Drinking water b, 130, 1300, [Tillonsof [Measrements by SEM at x600 as eparted in Record ID #10940 [Median survivorship of males was 448 days, for females was 393 days.
Smith et al. 1980 s o MF @ "‘u‘ gy | (contimous flow Amosite TEMSEM  [Notreported | °" |fibers/lter - [Lifetime. |(Smith et al. 1980) show the percentage of fibers longer than 10 um Not reported [Mortality |No significant effect [For males and separately for females in each treatment group, median
St of awr bubbles) o be 14%, and the percentage longer than 20 um 1o be 25%. [survival times at 95% C1 overlapped controls. =
Drinking woter millons of [Measureanents by SEM at x600 as reported n Record ID #10940 o
smabeal 10w | nme | Gt | e continons fow Amosite TENUSEM  [Nocreported  [14000 13 Heherwtier - Lifecime (Soith et al. Growth No significant effect btk o
o '“ )| " of air bubbles) 1 e 1456, o e peroaneng Meiper s 20 i 9 b5 25%, i
i e Drinking water lo, 130, 1309, [millions of [Measurerments by SEM at x600 as reported i Record 1D #10940 A i d two carly
Semith et al. 1980 11180 P MF 5 "";"’L“ (contimous flow. Amosite [TEMSEM  [Notreported [ 01 0% aberslter - [Lifetime (Smith et al. 1980) show the percentage of fibers langer than 10 umn |Not reported Tumor incidence [Not a significant difference in tumar rates from controls. forestomach were
cdingd @months okd) | %o i bubbles) day 10 be 14%, and the percentage longer than 20 um to be 25%  isers. Th o couid ot beispeci ally waribusod io smoshe
Trubout and Juveniles
Choimeytogo | 590 |Winarban SPE sl M| S e gl i Chiysotile NR Not reported 0. 10, 60, 360 [mg/day 24fmonths  |Not eported Not reported Survival No significan effect
b o wi B i Chuysotile je (Growth No significant effect
Chomimbortogo | 990 |Wotacansp sl | SIS i imoi) Hrysori Nk Not reported (0,10, 60, 360 |mgday fmonths  [Not reported INotreported Grow o significant
e e were high nanbers of rass with
Chomuimkoytog | %0 | WotarHunSPras| M| U i pamoi) Chrysatile NR Not reported  [0,10.60, 360 [mgiday 2fmonths [Not reparted Not reported [Tunor incidence No significant effct i, b comrls e ited e
) roup)
Trohaut Juveniles Chrysotile (75%)/
Choulmioetor | 90|t serrasl p | R pieimoiy | G e MR Not reported 0,10, 60, 360 {me/day 2lmonths  [Not reporied Not reported Survival No significant effect s
Trubat nd - Taveniles Chrysole (757
Chomio oty | 900 | Wit HanSpP sl M| S ] Do amoi) s [ Not reported [0, 10, 60,360 mgday 2umonths [Not reported Not reporied (Growth No significant effect
Trubaut and 3 Tuveniles Chrysocie(15%)
ol mon ot re
Chommtentogy | 990 [WocHmseros| wr | el pigimoiy | CRREEOR Nk Not reported [0, 10, 60,360 |mgdsy 24lmonths [Not reported Not reported effect
Acrosol i ] y study -
Syian Golden (nose-only . i Low = 13,7 4/- 170 um: Medium = 12.5 +/- 16.0 um: High Low = 0,60 +/-0.24 um; Medinm = 0.58 +/- 024 um: High = 0.5 wet il (increased mortality during week 17 10 26). Treatment of
Hesterberg etal. 1997 | 2630 15w : Amosite lo sEn We<3um,  [0,25,125,250|WHO fec 12} " [Mortal No significant effe
L Hamsters M| IISwecksold | pataion o ow) ki, . 2{momt 1 17,1 wm (aitunetic means though 12 monhs in eroso). [ +/-0.24 um (aithumetic means through 12 months i acrosol) [ ogiomeeee armstcrs with teracycline. Afler the 26-week ime poiat, martality raie
chumbers) retumed tofevelssimilar o previous hamster sudics.
Ferosol e
Synan Golden (nose-only . =137 4/ 17.0 urm; Medkum = 12.5 +/- 160 o High = 14.0.[Low = 0.60-+/- 0,24 urn; Medium = 0.58 +/- 0,24 urn; High=0.59 on i B
Hesterberg etal. 1997 | 2630 M| s veksold | (et Amosite (low) st W<dum, 025,125,250/ w0 fec Dlmons[17 707 0 e s sl et e e ey rowth No significant effect difer from
chambers)
Asd AR>3:1 After 13 and 52 weeks of inhalation, mid and high dose groups
. Syrian Golden (nose-mly —_— . Se Law = 13.7 +/- 17.0 um; Mediom = 12.5 +/- 16.0 um; High = 14.0_[Low = 0.60 +/- 024 urm; Medium = 0.58 +/- 024 urw; High = 0, ; Siguifcantly increased cormpared to controls for the mid- A7 13 o ” i
e Hamsters M| IS weksold | ion Ao 0. i i i Lt 12fmonths L) 171 u (arithmetic mems through 12 months in serosol). - 0.24 uen (aritbetic meuns through 12 montasin acrosol) |16 Weights high dose groups. [ dag
chambers)
P [Bronchiolizatcn, macrophages, neutrophils, mesothelial
. AR, N _ N . yperplasia and hypertrophy, and many welldefined | WHO fiber lung burdens showed time dependent and dose-ependent
Hesterberg etal 1997 | 2630 s’;":'"::“‘ M 13-15 weeks old “"l"jmm Amosite (low) sem W<3um,  [0,25, 125,250 |WHO ficc 12|months f‘/"’;” i L::ﬁ""" Makas s 'zf;’ "‘; !"" g +/‘:m Lol ”‘i"“ Madian 5“2 4 "i‘"‘m 'J‘n o3 fibers) at the low dose. [incres evity of adverse lung effsts increased with time and with
s nla L>5un wn arithimetic means through 12 monihs i acrosol)). um (arthmetic means through 12 montss in aerosol e I
dose group also demonsiraed hepatization
Four tumors n the exposed rat, two tumorsin the cortrol
. . percentage of ’ s, Fovad e, Noamoopheta | Actiacal bestos-fed
Donhametal 1980 | 11530 | Fsher P | MF Weanling Diet Cheysotil Nr e 0,10 % ofdiet [ 32fmonths [Not reporied Not reported Hpassiabs brhmanmos Sy cirdored)
different rom control.
Donhm etal, 1980 | 1153 | Fisher Fidtrms | MF Weanling Dret Chrysotile NR Nk 0,10 % of die FEreeT 28" Al 32fmonths [ Not reported Not reported Cellular function iy oiliong IRt o
5 Decreased growth ate in the first 6 weeks of exposure.
. kg i entageof | . weight from
Cunningham etal, 1977 [ 12450 Wistar rats M Weanling Diet (com oil) Chrysotile l::rmq?:d ' 0, 1% of diet Ef 80 Lifetime Not reported |Growth ety d‘l‘:'m Fustrsi oy I Two experiments: 1 used 10 rats/group, 1 used 20 rats/group.
retiaprsitd 10.1-50 um 10% [pradually approached that of the controls.
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